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PREFACE 


This revised manual reflects the experience of two years of operation for the 
Noise Measurement Unit. A major change is the requirement that all measure- 
ments consist of at least 100, rather than 50, 10-second readings. About 
two-thirds of the past measurements already needed at least 100 samples. ~ 
This change will not require any past measurements to be redone; they are 
still valid. It will, however, give stronger assurance that the sample period 
is truly representative of the entire hour being described. 


A second major change is in the traffic classification rules. Past counting 
of 2-axle, 6-tire vehicles exclusively as trucks has led to high traffic noise 
level calculation by the prediction program. Study has shown it much better, 
if not yet perfect, to classify these vehicles as either automobiles or trucks 
depending on their apparent relative loudness. 


More information has been added on site selection, again reflecting our ex- 
perience. The text of PPM 90-2 has been replaced with excerpts from its” 
successor, FHPM 7-7-3. © 


Principal author of the original manual was Peter A. Chiefari, P.E., Assistant 
Civil Engineer (Materials) in the Noise Measurement Unit. His dedicated work 
in pulling everything together made the manual a reality. These revisions were 
mainly prepared by William Bowlby, also Assistant Civil Engineer (Materials) 

in the Noise Measurement Unit. 


The hard work and essential contributions of Orlando E. Picozzi, who, among 
everything else, revised the data forms and instruction, and Richard W. Carlson 
and Thomas F. Nelson, formerly of the Noise Measurement Unit, were integral to 
the original manual's preparation. 


The manual's development was immeasurably aided by the review and comment of 
many people, including Wm. P. Hofmann, James J. Murphy, Robert J. Perry, 
William McColl, Louis F. Cohn, William R. Webster, David E. Suuronen and all 
Regional Noise Liaison Engineers. 


A. D. Emerich of the Engineering Research and Development Bureau was responsible 
for the final review and preparation of the original manuscript. Numerous early 
drafts and associated notes and memorandums were typed by Arlene A. Stipano, 

Jo Simmons, Debie A. Lezatte, and Angel A. Serio. 


Special thanks go to Cecilia M. Leonard for typing much of the revised edition. 
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50 Wolf Road, POD 34 
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INTRODUCTION 


In the late 1960's, concern in many circles turned increasingly to our environ- 
ment. Various laws were passed, designed to achieve minimum quality standards 
for air, water, and land, and to abate the waste of our natural resources. A 
fourth pollutant, less frequently recognized, is noise. The collection of 
sounds created by our advanced industrial society has reached a level that can 
no longer be ignored. One has merely to stand on a crowded city street corner 
during rush hour to realize the importance of controlling noise. 


A major contributor to the noise in our daily lives is the ever-increasing 
stream of automobiles and trucks riding our nation's highways. Thus, in 1970, 
legislation was passed that resulted in noise standards designed to control 
the increasing noise levels associated with highway traffic. These standards 
were set forth by the Federal Highway Administration (FHWA) in its Policy and 
Procedure Memorandum 90-2, Revised in May 1976 as FHPM 7-7-3 (Appendix G). 


ee 


To implement these standards, and in doing so, to help maintain and improve 
the quality of our environment, the New York State Department of Transportation 
has created a program to measure highway-related noise. One outgrowth of this 
program is the Noise Measurement Unit of the Materials Bureau in Albany, which 
has overall responsibility for noise measurement for the entire Department. 
Also, each region has designated a Regional Noise Liaison Engineer (RNLE) 

whose responsibility is to supervise the regional noise measurement program. 


as it relates to the Department’ S nam Bane impact assessment program. 
The Main Office Noise Measurement Unit's function is to support the regional 


_ quality noise measurement system. A third group, the Environmental _Analysis _ 
Section, is also located in the Main Office. One of its functions is to 
_ provide support for the regional noise analysis effort. 


As a Noise Measurement Technician (NMT), you are the field arm of this or- 
ganization. It is you, the NMI, who will be measuring noise in the field. 
This manual is written specifically for you. It's designed to be both a 
field guide and a reference explaining the basic science of sound, noise, 
and noise measurement. It has three sections: 


i Sound and Noise Vindanentales 
II. Measurement of Existing Noise. 


III. Noise Field Test Methods. 


Noise Measurement 


Section I gives the basic science of sound and noise -- what they are and how 
they are defined for measurement purposes. 


Section II deals with the specifics of noise measurement, with emphasis on 
highway-related noise. 


Section III gives field test methods for noise measurement, explaining ee de~ 
tail the equipment and procedures and the necessary paperwork. 


One further point -- as a Certified NMT, you have a particularly high level 

of responsibility. Noise must be measured by strictly adhering to field 

test procedures. Mistakes in obtaining noise data are not always readily de- 

tectable. If the data appear incorrect, the only alternative is to go out and 
re-measure for verification. Unfortunately, many times this is not possible. 


Your measurements will be one factor in transportation decisions. Once you 
are a Certified NMT, the Department will have to rely on your measurements, 
and possibly even defend them in court. 


Everyone in the state will benefit if we reduce noise levels. Noise is here 
to stay, but with your help, we can design measures to control it. Doing 
your job to the best of your ability will help improve our environment. 


I. SOUND AND NOISE FUNDAMENTALS 


A. Sound Waves 


Since we are concerned with noise it seems logical to start with the question: 
what is noise? The best definition is the most simple. Noise is unwanted 
sound. Fine. But what is sound? We've taken it for granted since childhood. 
We hear "sounds." Technically, sound is defined as a wave disturbance moving 
through an elastic medium at a speed characteristic of that medium. That re- 
ally doesn't help much. Let's try it this way. On a nice day you're sitting 
by a lake. The surface of the water is relatively flat. You're fishing for 
bass. They aren't biting, so you pick up a rock and toss it into the lake. 
When the rock hits the water it causes waves in the form of rings that move 
outward for the point where the rock enters the water. The rock has disturb- 
ed the water from its equilibrium (flat) level, and the waves move outward 
and eventually die out. 


Now, as we said, sound is also a wave. The difference between the water wave 
and a sound wave is that sound is a disturbance in the air. More correctly, 

the sensation of "sound" is caused by the ear detecting changes from atmospheric 
pressure. When a bass drum is struck, the drumhead begins vibrating (rapidly 
moving up and down), causing waves in the air, just as the rock caused waves 

in the water. These waves are detected by our ears as very tiny changes from 
the equilibrium (or atmospheric) pressure. These pressure changes are con- 
verted through the internal workings of the ears into a message that is sent 

to the brain. The result is that we "hear" the sound of the bass drum. 


Water waves, sound waves, and in fact, all waves can be described by two char- 
acteristics: 


1. AMPLITUDE. 
2. FREQUENCY. 


In the case of the water waves caused by the rock, the amplitude of the wave 

is the height of the water above or -below the undisturbed (flat) water surface. 
Another way of saying this would be that the amplitude of the wave is equal to 
the "magnitude" (height) of the "disturbance" (change in water level) above or 
below the "reference" or "equilibrium" level (undisturbed flat water surface). 


Now suppose a pole were sticking out of the water near where the rock hits. 
If we counted the number of waves passing the pole for, say, 5 seconds and 
divided that number by the 5-second time, we would know the frequency of the 
wave. In other words, the frequency of the wave is equal to the number of 
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waves occurring in a unit of time. One complete wave is known as one cycle. 
In the case of the bass drum, when the drumhead is struck it is pushed down. 
The drumhead then springs back up, completing one cycle. The number of times 
it springs up and down (vibrates) per unit of time is the frequency of the 
sound wave produced. er teeeeT 


For the case of a water wave, Figure 1 shows the relationship between fre- 
quency and amplitude. Case 1 shows an amplitude of 1 in. above and below the 


_ equilibrium water level and a frequency of 1 cycle (i.e., one complete wave) | 


in 10 sec, or 0.10 cycles per second. The term "cycles per second" has been 
given the special name hertz, abbreviated Hz. Therefore, 1 cycle per second 





equals 1 Hz. In Case 2, the wave has an amplitude of + 1 in. and a frequency 


half that of Case 1, or 0.05 Hz. In Case 3, the frequency is the same as in 
Case 2, but the amplitude is now 2 in., or twice that in the other two cases. 


To summarize briefly, noise is unwanted sound. Sound is a wave disturbance in 


the air similar to a water wave. They are similar because all waves can be 
described by two characteristics -- amplitude and frequency. For a sound wave, 


the amplitude is the magnitude of the variation from atmospheric pressure, and 


the frequency is the number of disturbances per second. Frequency is expressed 


in hertz, abbreviated Hz. 


One further comment -- the sound we will measure in the field is composed of 
not only one sound wave, but is a summation of a number of separate sound 
waves, each with a different frequency and amplitude. These different waves 
add up to produce the overall sound wave. An example of this is an orchestra. 
Each instrument produces a sound wave, and they all add up to give the orches- 
tra's overall sound. 


B. Sound Pressure Level 


The human ear is sensitive to a large range of pressure disturbances. The 
change from atmospheric pressure caused by a cricket chirping at night is 
very tiny compared to the change from atmospheric pressure caused by a jet 
engine at an airport, yet the human ear can detect either. 


Because of this large range of pressure disturbances that the ear can detect, 
it would not be practical to compare sound waves on the basis of pressure dis- 
turbances. To use the water wave example, this would be like comparing the 
ripples in a puddle to a tidal wave. So, to compare sound wave amplitudes, 

we use sound pressure level (abbreviated SPL), which is defined in such a way 
that the large pressure ranges possible are compressed into a smaller scale. 
(How this is done is explained in Appendix F.) The units of sound pressure 
level are called decibels. 


The sound pressure level in decibels (abbreviated dB) then allows us to com- 

pare sound wave amplitude without the problems that we would have if we tried 
to compare them directly in terms of pressure disturbances. Figure 2 gives 

SPLs, in decibels, for various common indoor and outdoor sounds. The SPL of 
a person talking at a distance of 3 ft is about 65 dB. A jet airplane at 
1,000 ft causes a much larger disturbance; hence, the SPL is 105 dB. 
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Figure 1. Frequency and amplitude of water waves. 
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Figure 2. Common indoor and outdoor noise levels. 
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To summarize again, noise is unwanted sound. Sound is a pressure disturbance 
and Sound Pressure Level or SPL is related to the magnitude of this disturbance. 
The units of SPL are decibels, abbreviated dB. 


C. Addition of Decibels 


There is one important difference between decibels and, for example, feet or 
pounds. If two boards are each 10 ft long, then their total length is 20 ft. 
However, if two trucks each create a SPL of 70 dB, then their total SPL is 

not 140 dB but only 73 dB. (This is because of the mathematical definition of 
SPL in dB; this definition and a proof of the above are given in Appendix F.) 


Using the following table and method, any number of sound pressure levels may 
be added with an accuracy of + 1 dB. 


When two decibel Add the following 
values differ by amount to the higher value 
O or 1 dp 3 dB 
Zor 40D 2 dB 
4 to 9 dB 1 dB 


10 or more dB O dB 


—~ 


To illustrate, we will add the following levels: 69, 89, 84, 74, and 78 dB. 
The first thing to do is rank the sound pressure levels in ascending order. 
They are then added pair-wise, according to the preceding table, hia tr Seperate 

with the lowest pais: 


69 =90 dB 


74 





69 dB + 74 dB = 75 dB 

75 dB + 78 dB = 80 dB 

80 dB + 84 dB = 85 dB 

85 dB + 89 dB = 90 dB 
Notice also that for differences of 10 dB or more, the number of decibels 
added to the higher value is zero. This means that if one sound is stronger 
than another by 10 dB or more, the lower sound is effectively "drowned out" 
by the higher one. This effect is called "masking." 


D. The A-Scale Weighting Network 


Just as the human ear is sensitive to a large range of pressures, it is also 
sensitive to a large range of frequencies. For most people, the normal fre- 
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-20 


- 30 
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-40 





-50 | 
16 31.5 63 125 250 500 1000 2000 4000 8000 16,000. 
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. Figure 3. Electrical frequency response specified for the A-scale filter of- 
sound level meters (ANSI SI.4-1971). 





quency range of hearing is from 20 to 10,000 Hz, and in some cases as high as 
20,000 Hz. However, the human ear does not "hear" each frequency equally. It 
is less sensitive to low-frequency sound than to high-frequency. Since we 
want to measure noise in a way that compares closely to the human ear's sen- 
sitivity, the A-scale weighting network has been devised. 


The A-scale network (within the measuring equipment) electronically adjusts 
some of the higher and lower frequencies when the SPL is measured. The sound- 
measuring device then responds in a manner very close to the response of the 
average human ear, givin us a good idea of how the average person would per- 
ceive that sound. 


The A~scale changes the SPL as shown in Figure 3. From this graph it can be 
seen that at 100 Hz, the SPL is diminished by 20 dB. At 1,000 Hz the SPL is 
not changed at all, while at 2,000 Hz, the SPL is increased by 1 dB. 


From this point on, we will no longer use the term SPL in dB, but rather the 
term "sound level." By this we will mean an SPL measured in dB with an A- 
weighting network. Thus, sound level will mean the result of an A-weighted 
measurement. Any sound level will then be an approximation to the response 
of a human ear. Also, for our sound levels from here on, the results will be 
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reported as dBA, not dB. Thus, if the sound level of a passing car were mea- 
sured, the results would be reported as 67 dBA, not 67 dB. 


E. Sound Reduction and Reflection 


When the rock in the water-wave example hit the water, waves were created and 
radiated outward at a certain speed. As they moved farther and farther out, 
they became smaller (attenuated) until they finally disappeared. 


The same thing happens with a sound wave -- the farther from the sound source, 
the smaller the disturbance. Consequently, the sound level decreases with 
distance from the source. For example, the farther you are from a truck mov- 
ing down the highway, the lower the sound level will be. If there is a high 
concrete wall between you and the highway, the sound level will be still lower, 
because some of the sound the truck generates will be reflected away by the 
wall. This can also work in reverse. If a building is close behind you, some 
of the sound waves may be reflected back to you, causing the sound level of the 
truck to be higher than it would be without the reflected sound. Rows of 
houses or possibly even a densely wooded area between you and the highway may 
also reduce the sound level. 


The reason for mentioning these facts will become apparent later in this manual 
when we discuss the selection of measurement sites. For now, however, it is 
important to remember the following rules which apply to a site having an un- 
obstructed view of the highway: 


Le For ja single car or truck proceeding down a highway, for every doubling 
of the distance from the road the sound level should drop approximately 
6 dBA. 


2. For a line of cars -- that is, a fairly uniform stream of traffic -- 
for every doubling of the distance from the road the sound level should 
drop approximately 3 dBA. 


"Doubling the distance” means that if you are 50 ft away and get a sound level 
of 59 dBA, then at 100 ft you should get 53 dBA for a single car and 56 dBA 
for a stream of traffic. 


This concludes our discussion of the fundamentals of sound and noise. It has 
been very basic. Appendix E of this manual gives references for further reading. 
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II. MEASUREMENT OF EXISTING NOISE 


A. Traffic-Related Noise Sources and Existing Noise 
1. Existing Noise 


In Section I, we explained how the sound we measure is not simply one wave, 
but a combination of waves like an orchestra. Likewise, in the field, 

the activities usually occurring around a site produce a combination of 
sounds. This combination of sounds is commonly referred to as existing 

or ambient noise. 


The existing noise level is obtained by measuring the sound level produced 
by those activities normally occurring in the site area. In the case of 

a site located close to a highway, a major portion of the existing noise 
will be from vehicles traveling down the road. If we are near a highway 
close to an airport, existing noise will also include noise of the air- 
craft. If we are in an isolated area, birds, crickets and rustling leaves 
may produce all of the existing noise. We will say more about the subject 
later. For now, it is sufficient to remember what existing noise is. 


2. Automobiles, Trucks, and Other Vehicles 


In most cases, we will be measuring existing noise whose major component 
is from highway traffic. Extensive measurements have shown that you can 
expect automobile sound levels to vary between 60 and 75 dBA and truck 
sound levels from 75 to 90 dBA or more at about 50 ft from the roadway. 
The large variations are due to such things as vehicle acceleration, 
speed, and condition; tire tread condition and type; and roadway surface 
roughness and grade. 


Since there are relatively large variations between automobiles and 
trucks, we can see that it is very important to know how many trucks go 
by and how many automobiles; if we had only trucks going by, the existing 
noise level would generally be higher than if we had only cars. 


Knowledge of the number of cars and trucks is necessary to help predict 
future sound levels, Since it is reasonable to assume that altering an 
existing highway or putting a new highway in an area may increase traffic 
or change the relative number of automobiles and trucks, possible result- 
ing in higher noise levels. For these reasons, traffic counts will be 
made during measurements. 


Now, although this may sound odd, for our measurements what is a car and 


what is a truck? And how about motorcycles? Everyone has heard a A 
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souped-up sports car. Some are very loud. Some motorcycles are also 
quite loud -- as loud or louder than some trucks. To solve this problem, 
we will observe the following rules in classifying vehicles: 


1. Any four tire, two axle vehicle including sports cars, 
pick-up trucks, and small vans will be counted as an 
automobile. 


2. Any two-axle, six-tire vehicle or motorcycle will be 
counted as a medium truck. 


3. Any three or more axle vehicle including commercial 
busses will be counted as a heavy truck. 


Now, let's look at how we should go about taking measurements. 


B. Basic Principles of Existing Noise Measurement 


Measurement of noise for evaluation and possible control requires 1) a device 
that measures sound level, 2) a plan of where and when to measure, 3) a 
measurement method for collecting the noise data, and 4) a method to record 
and reduce the data. State more simply; 


1. Equipment -- what do we use to measure? 

2. Site and time selection -- where and when do we measure? 

3. Method -- how do we measure? 

4. Data Recording and Reduction -- what do we do with the measurement? 


1. Measurement Equipment: The Sound Level Meter 


Noise can be measured in many ways, using many types, sizes, and kinds 

of equipment. The most basic piece of equipment for measuring sound level 
is the sound level meter. All sound meters perform the same basic 
function -- they measure the sound level. Components and controls are 
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similar on most models. Components usually consist of a microphone, an 
amplifier, an A-weighting network, and a meter calibrated in decibels. 

The controls include an on-off switch, a meter response setting (fast-slow), 
a battery check switch, a weighting network selector, and a range switch. 

In addition, there is usually a calibration adjustment. (The functions 


of each of these controls for our equipment will be explained in Section III.) 


Just as with any piece of equipment, the sound level meter has certain 
operating limitations. For instance, the microphone attached to the meter 
will not work if the humidity is too high or if it becomes dirty. Temper- 
ature extremes can be detrimental to the meter's electronics, especially 
prolonged exposure to direct sunlight. High winds may also result in 
erroneous measurements. 


Selection of Measurement Sites and Times 


Once the equipment to perform the measurements is chosen, the next step 

is to decide where and when to measure. Deciding "where" is actually a 
two-stage process. The general location of a measurement site is normally 
indicated on a map of a proposed project. This site is selected by careful 
study of the map, and/or by preliminary field investigation. Sites are 
generally chosen to measure existing noise levels near noise-sensitive 
activities such as schools, hospitals, churches and houses. They are also 
chosen to provide a general picture of the noise level over an entire area. 
The exact site location in the field is selected by the measurement tean. 


The most important fact to remember in selecting a site is that measurements 


need to be representative of that area and its typical activity. So, in 
general, the equipment should not be set up close to a building, or a sign, 


or a parked car, or any object that might distort the sound field. (How- 
ever, it should also be understood that sometimes measurements may be 
needed from an area full of reflective surfaces (e.g. trees in a wooded 
area). These sites should be measured as specified by the RNLE, noting 
any special circumstances that are present.) 


It is also important to know the location of the site. This should be 
done by drawing a small diagram showing approximate footage from a 
distinguishing landmark or from the roadway if the site is near one. 
The distance from the landmark or roadway should be paced off, or tape- 
measured if so desired by the RNLE. The diagram and description should 
be sufficiently clear and complete to allow another measurement team to 
locate and set up at the exact spot. 


The "when" to measure may be very dependent on the location. We may want 

to measure a particular site at a particular time. For instance, we may 
want to measure the effect of a highway on a site located close to a school. 
At the time the measurement team is present, school may just be letting out.” 
It may be necessary to come back when classes are in session. In any event, 
the fact that school was just getting out should be noted wets with the 
time the measurements were taken. 
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Also, there may be a temporary noise source near the site that is not 
typical of the usual activity near it. Examples would be a tree-cutting 
crew, water line repair crew, or a police or fire emergency. Measuring 
the noise level generated by these temporary activities would bias the 
description of the area's usual noise level. Our only choice is to try 
again at a different time or day. 


In any case, always be sure to record the time when you made the measure- 
ment. The RNLE must have this information to do a correct noise analysis. 


3. Measurement Method 


Let's assume the site and time have been selected and the sound level 
meter is operating properly. Now what? If we are near a road the needle 
on the meter swings up and down as vehicles pass by. Do we read it when 
the car or truck is 10 ft down the road or when it is right in front of 
us? What do we do when no vehicles pass by? The noise at a site varies 
continuously with time -— that is, at any particular time, there is a 
certain sound level. This sound level changes continuously. Since sound 
varies with time, it would be best to take measurements as a function of 
time. By this we mean that we select a time interval -- say 10 seconds -- 
and every 10 seconds we read the meter whether it is noisy or quiet, or if 
a vehicle is or is not nearby. The sound level is recorded each time and 
after a sufficient period we will have accumulated a number of readings. 
We can then analyze these in some way to obtain the existing noise level 
at the site. 


4. Data Recording and Reduction 


At each 10-second interval, when the meter is read, a value for the sound 
level is obtained. How do we handle these data and reduce them to a 
meaningful form? We could write down each reading. An easier method 
would be to check off the readings as we measure them, on a form having 
preprinted values on it. Then all that would be necessary would be to put 
a check near the appropriate value each time it occurs. , 


This brings us to the question of how many readings we take; also, what do 
we do with them? FHWA currently states its design noise levels in FHPM 
7-7-3 on the basis of a quantity called L19. This is the noise level 
exceeded for 10 percent of the measurement period. L5Q and Lggo are also 
used in some computations, and are the sound levels exceeded 50 and 90 
percent of the time period. How do we find these quantities? 


Suppose we have obtained the set of 100 readings shown on the next page. 

L190 is the level exceeded 10 percent of the time and there are 100 readings; 
10 percent of 100 is 10. Therefore, Lig is the sound level assigned to 

the row in which the tenth reading occurs. So, starting from the top, we 
count down the readings until we reach the tenth reading. In this case, 

L10 would be in the second group of readings -- that is, 67 dBA since the 
tenth reading occurs in that group. Similarly, for L509 and Lg9 we count 
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down from the top ¢° the fiftieth and ninetieth readings. L509 would be 
64 dBA and L990 would be 60 dBA. By using L10, L50, and L90, we can 
numerically characterize the noise environment at the site where the 
data was collected. 


Total 
dBA Readings 
L10 
68 XXX 
67 XXXx x x(x)x 
66 XXXXKXXXXXKXX 11 
- 
65 XXXXXXXXXXXXXXX 30 15 
64 XXXXXXXXxXxXxxQ@Kxx 16 
63 XXXXXXXXXXXXXXXKX 16 
62 XXXXXXXXXXXXKXX 14 
61 PRO PIG 10 
60 XXXXXXX “Lg99 7 
100 


Since we only sampled the noise level once every 10 seconds, rather than 
continuously, we're not definitely sure that the L19 we measured was the 
actual Lj19 for the entire time period. That is, when we take a set of 
readings and compute L109, we are actually estimating it based on the set 

of readings. The larger the set of readings (100, 150, 200, etc.) we take, 
the more accurate the estimate becomes. This leads us back to the question 
of how many readings are needed to get an accurate estimate. In order to 
answer, we first have to determine how accurate we want Li0 to be. 


Say we take 100 measurements and find Ljg to be 78 dBA. How accurate is 
the 78 dBA number? Another way of asking how accurate the number is, is 
to ask how much confidence can be placed in it. If we took 100 readings 
and got an L19 of 78 and then took 50 more and it was still 78, we might 
feel pretty confident that 78 is a good estimate of Ljo. 


We have decided that for our purposes we want to be 95 percent sure that 
our measured L190 is within + 3 dBA of the actual L19. That is, we want 
to find L190 + 3 dBA with 95 percent confidence. Through the statistical 
analysis techniques explained in Appendix D, a table was developed to 
allow us to check if our data meets this requirement. Its use will be 
explained in Section III. 


As discussed above, FHWA currently states its design noise levels on the 
basis of Ljg. The FHWA, however, also recognizes Leq as a noise | 
descriptor. Leq is the "equivalent" noise level. It represents 

the sound level which, if it were held constant over the specified 
period of time, would yield the same amount of energy as the actual 
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fluctuating noise. In other words, Leq is the mean of energy or 
intensity level over a specified time period during which the sound 
level fluctuated. The value of Leq can be found in one of two ways, 
either by continuous evaluation with the proper measurement 
instrumentation or by individual closely spaced samples over small 
intervals of time. Leq is defined as: 


t 
2 
(1) Leq = 10 log 1 
io rol (t) /10dt 


t) 


It may be approximated, however, as the logarithmic sum of a series of 


. discrete samples of sound level expressed as: 


(2) Leq = 10 log + s iphi/10 
i=1 


Li = sound level 
n = number of short duration intervals. 


Formula 2 is simply ten times the log of the average acoustic Begs 3 
in many consecutive samples. 


Now that we have defined both L,, and Leq we can compare then. 
Research has determined that there is a correlation between L,, and 
Leq. The FHWA recognizes this and accepts the following corr¥Pation: 


L,, = Leq + 3dBA. 


10 
a ial the FHWA accepts the above correlation and recognizes both 

Lig and Leq as design noise levels they prefer that we use either L 
or Leq in our analysis, not both. We therefore note both Leq and L 
on the data sheets used in Field Test Mehtod Two and leave the finai 
choice of a descriptor to the analysts. 


10 
10 


We have now looked at the what, where, when, and how of measuring 
existing noise, and this concludes our general discussion. What 
remains are the specific field test methods we will use when measuring 
existing noise. 


Te 
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III. NOISE FIELD TEST METHODS 


A. Method 1: Measuring Existing Noise Level by the Check-off Method 


Scope 


This test method prescribes procedures for measurement of existing noise 
levels, using the Bruel and Kjaer (B&K) Type 2206 precision sound level me- 
ter. Instructions for documentation are included. (For those regions us- 
ing the B&K Type 2205 meter, all procedures apply but attention should be 
paid to equipment limitations, possible differences in calibration, étc.) 


Equipment 


a. Equipment Required 


1. B&K Type 2206 precision sound level meter with Type 4148 condenser 
microphone. of 


2. B&K Type 4230 calibrator. 
3. Windscreen. 

4. Wind velocity meter. 

5. Extension cable. 

6. Tripod. 

7. Clipboard and counter. 

8. Sling psychrometer. 

9. Stopwatch. 
10. Spare batteries. 


eer ia 


11. Data sheet (BR320a). _ 


i? 
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b. 
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Equipment Descriptions 


1. 


Sound Level Meter with Condenser Microphone 


This meter is a battery-operated precision instrument used to deter- 
mine SPL in dB (Fig. 4). Its features and controls are as follows: 


Ae 


Power Switch 


This is a four-position switch marked "off," "fast," "slow," 
and "batt." "Off" is self-explanatory, "fast" and "slow" refer 
to how quickly the meter responds to an incident sound wave, 
and the "batt" position allows the battery to be checked. 


Range Switch 


This is turned to change the reading range of the meter. The 
range indicator window on the meter shows the range value se- 
lected. The meter scale (Fig. 5) has a range of 20 dB. When 
the needle points to the right of the line beneath the range 
indicator window, the sound level is the meter scale reading 
plus the figure in the window. Readings to the left of the 

line under the window are subtracted from the figure in the win- 
dow. It is best to attempt to keep the needle in the positive 
portion (e.g. the 75-dB reading in Fig. 5) since this is easier 
to read and more accurate. soe 


+ 10 dB Button 


This increases the range of the meter face by automatically . 
adding 10 dB to whatever value is in the range indicator wind 


OW. 


Sensitivity Adjustment 


—= — 


_ This small recessed screw will change the meter's needle 


position for calibration. Do not press screwdriver in hard. 


Weighting Network Selector 


This should be set on "A" at all times. 


Microphone 


This precision condenser microphone (Fig. 6) can be unscrewed and 
removed from the meter. Take care not to damage the contacts 
when removing it. Also, do not remove the grid on top of the 
microphone at any time. If the meter and microphone are taken to 


Microphone 












Microphone - 


2 adaptor 
| +———— 


; Microphone ty ; : 
: sulating 
‘ socket Recher 
: Sensitivity / Microphone and 
* : : adjustment ” meter serial 
Output numbers 
socket 





Range switch 


+10 dB Button 


housing 


Figure 4. Front and back views of the sound level meter ve 
‘and microphone. 


—- 


Range Indicator 
ya 





Protective Grid i 
-@ (Do Not Remove) 


- Figure 5 (above). Meter scale at two 
decibel levels. 


Figure 6 (left). “Condenser micro- 
phone. 


¢/ Microphone 
Cartridge 





wf) 


20 


ue 


Noise Measurement 


a site inside a warm vehicle on a cold day, condensation may form 
when the microphone is set up outside. Under such conditions, 
transport the microphone and meter in your car's trunk. 


Calibrator 


This is used to calibrate the sound level meter. The calibration 
signal for the Type 2206 meter is 93.8 dB. 


Windscreen 


This round foam ball is placed over the microphone to eliminate 
noise caused by wind blowing across it. It is effective up to 

12 mph, at which speed measurements are to be discontinued. Always 
use the windscreen, even on still days, since it also protects the 
microphone from dust. ‘sj 


Wind Velocity Meter 


Instructions for use are printed on the back of this meter: "To 

use, face the wind. Hold meter in front of you in vertical posi- 
tion and with scale side toward you. Do not block-bottom holes. 
Height of ball indicates wind velocity. For high scale, cover 

hole at extreme top with finger." Take wind velocity readings at 
the beginning of each measurement period. as Tee 


Extension Cable 


Always use an extension cable. It keeps the bulk of the meter and 
operator from causing a reflection of sound waves, thus affecting 
the reading. It also allows the operator to sit away from the 
tripod during readings. The cable connects the meter to the micro- 
phone. Do not touch any of the contacts, and keep them as clean as 


possible. 
Tripod 


Support the microphone on the tripod 4 to 5 ft above the ground. 


Clipboard and Counter 


A legal-size clipboard is supplied with a counter attached. The 
counter can be used to keep track of the number of readings or to 
aid in vehicle counts. 
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8. Sling Psychrometer 


Noise cannot be measured when the relative humidity rises above 

90 percent. Higher humidity causes condensation on the microphone, 
rendering it useless until it dries. The psychrometer thus is used 
to determine relative humidity. The manufacturer's operating in- 
structions are reproduced on the next page. Measure relative humid- 
ity twice daily, usually in the morning and afternoon. 


9. Stopwatch 


Use for readings every 10 seconds. 


c. Calibration of the Sound Level Meter 


‘The calibrator has a calibration signal of 93.8 dB at 1,000 Hz. When the 
calibrator is placed on the microphone, the meter should read 93.8 dB. 
If it does not, adjust the calibration as follows: 


1. Set the range indicator on 90 dB, warm up for 1 to 2 minutes, 
and check that the microphone and adapter are firmly screwed 
on. rs 


2. Turn the power switch to "batt" and check the battery. The needle 
should swing to the red portion of the meter window. If it does 
not, replace the meter battery. = 


3. Turn the power switch to "slow." 


4. Place the calibrator on the microphone. Be careful not to dam 
age the plastic adaptor on the calibrator. 


5. Press the button on the calibrator. 


6. Adjust the meter to read 93.8 dB by turning the sensitivity adjust-. 
ment screw on the back of the meter with the small screwdriver pro- 
vided in the meter box. Do not touch the zeroing screw on the meter 
front. NN ose 


7. The calibrator will automatically turn off after about 1 minute. 
If the signal lasts only a few seconds, replace the calibrator 
battery as follows: 

a. Remove the black leather case. 
b. Unscrew the bottom black part of the calibrator housing. 
Cc. Unsnap the contacts to the battery. Pry the metal clips 


off. Do not pull on the plastic; this will break the 
wires. 
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as 


d. Replace the battery with a new 9-volt battery. 


e. Re-snap the contacts, replace the housing, and return 
the unit to its case. 


The calibrator's leather case is for protection and should be 
left on except when changing batteries. It protects against 

dust and the effects of instantaneous temperature changes, as 
when holding a cold instrument in a warm hand while calibrating. 
The calibrator has an adapter in the front opening to allow cali- 
bration on %- or l-in. microphones. Be careful that this adap- 
ter does not fall out and become lost. Use only a B&K calibra- 
tor on a B&K meter. 


Maintenance and Repairs 


The sound level meter, microphone and calibrator are precision equipment 
and should. be treated accordingly. If they fail to operate properly, re- 
turn them to the Noise Measurement Unit of the Materials Bureau at the 
Albany Main Office, either by courier (if available) or by United Parcel 
Service. (Do not send by parcel post.) When shipped to the region from 
Albany, the equipment is accompanied by a receipt; check to be sure all 
that is supposed to be shipped is actually included in the package. When 
the equipment is returned to Albany, return the receipt, and note if any 
equipment was lost or broken. Keep each set of equipment together -- 
don't mix and match with other sets, as that makes it more difficult to 
keep track of equipment. 


Test Procedure 


The method to be used to determine noise levels was developed by Bolt Bera- 
nek and Newman, Inc., and is referred to as "the check-off method." The 
object is to provide a statistical estimate of Lig + 3 dBA with 95-percent 
confidence. This means we can be 95-percent sure the actual L}9 for the 
site is within + 3 dBA of the L}9 we compute from the measurements. The 

+ 3 dBA are termed "confidence limits" for L}9. The following procedure 
details the steps necessary to obtain acceptable measurements using this 
method. The measurement team will normally consist of at least two Certi- 
fied NMTs. The duties of reading the meter, checking off the readings, 

and counting traffic should be divided between them in a way assuring that 
all duties are performed. For sites located near high-volume roads or 
intersections, other personnel may be needed to count traffic. RNLEs 
should be aware of such a possibility and plan accordingly. 


1. Check to see that the meter is operating before going into the 
field. If the battery has been removed, a standard 1.5-volt size 
"C" cell should be inserted. An alkaline-type battery is preferred 
and will give up to 10 hours of meter service. To replace the 
battery, use a coin to unscrew the battery housing,’ located on 
the left side of the meter. Insert the battery with the positive 
contact outward, and replace the battery housing. 
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Obtain weather data (wind velocity, relative humidity, precipita- 
tion) and fill in appropriate information on the BR 320a data sheet 
(instructions for its completion are given later in this section on 
pp. 30-32). Operation of the wind meter and psychrometer were des- 
cribed on p. 20. The sound meter's operating temperature range is 
from 14 to 122 F. Discontinue operations if temperatures are lower 
or higher, if relative humidity exceeds 90 percent, or if wind vel- 
ocity is greater than 12 mph. 


Remove the meter from the box. 


Turn the power switch to "batt." Check that the pointer lies with- 
in the red "batt" mark on the meter scale; if not, the battery 
should be replaced. Turn the meter off after the battery's con- 
dition is verified. 


Set up the tripod. Attach the microphone extension cable between 
the meter and microphone, and clamp the microphone to the top of 
the tripod. Orient the microphone vertically 4 to 5 ft above the 
ground. 


Set the range switch to a high value (above 90 dB), to avoid over- 
loading when switching the meter on. The range switch position 
appears in the window on the meter scale. . 2 


Turn the power switch to position "slow." Unless otherwise direct- 
ed, make all measurements with "slow" response. 


Allow 1 to 2 minutes for the circuits to warm up. 


Select Weighting Network A with the weighting network selector. 
Take all readings with A-weighting. 


Calibrate the meter as described on ty oie 


Turn the range switch down until the meter needle reads on the 
scale between the range indicator window and the + 10 dB mark. 


Estimate the range within which the noise level fluctuates and 


assign appropriate values to the noise level lines on the data 
sheet (BR 320a). 


Note starting time and at the prescribed interval (10 seconds) 
glance at the meter. Read the meter at that instant to avoid a 
biased reading. Try not to anticipate what it will be -- just 
note the reading as it occurs. 


Record the A-level reading on the BR 320a data sheet es a cheek 
mark on the appropriate horizontal decibel line, working from 
left to right within each line as shown on pp. 27-9. 


Test Methods 


Nes 


16. 


17. 


18. 


“ich 


25 


Simultaneously keep count of the numbers of cars and trucks pass- 
ing the measurement site if the location is close to or within 
sight of a highway. 


If a disturbance occurs that is not considered representative of 
the existing level being measured, note it on the data sheet. 
Use a symbol such as A for airplane or T for train instead of a 
check (see example 1 on p. 27). 


After 100 readings, test them by the criteria given in the next 
section. If they meet those criteria, then the measurement is 


‘complete. If not, then take another 50 readings and test then, 


and repeat as necessary up to a maximum of 250 readings. 


At the conclusion of the test, re-check the calibration of the 
meter, re-check the battery, and record these results on Form 
BR 320a. If the meter is not reading 93.8 + 0.5 dB on re-check, 
repeat the measurements. % 


Note the time finished and record it on the data sheet. Re-check 
the calculations and be sure that the data sheet is completed. 


4, Sample Criteria 


After the first group of 100 readings and after each additional group of 
50 readings, the following test is made: 


L. 


Counting down from the top of the BR 320a data sheet (and from 
left to right along each line), circle the test readings shown 
in the following table (which is also reproduced on the back of 
BR 320a): 


Total Upper L Lower Allowable 
Readings Limit “19 Limit Skew 

100 5 10 17 ER 

150 8 15 Za 1 

200 ae 20 29 1k 

250 16 25 35 1 





For instance, after taking 100 samples, circle the fifth, tenth, 
and seventeenth samples from the top. These three constitute 
the L10, flanked by its upper and lower limits. 


The acceptable limits are + 3 dBA or less. 


In determining if the 100 readings meet the criteria of + aida 
or less, a process called skewing is allowed. By this process, 
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the upper and lower limits can be shifted by the number of 
samples listed in the "Allowable Skew" column. The shift can be 
either up or down. For example, if the criteria are not met 
(after 100 samples) by the fifth, tenth, and seventeenth samples, 
the allowable skew according to the table is one sample. Thus 
the criteria can be tested with the fourth, tenth, and sixteenth 
samples (skewing up one sample) or with the sixth, tenth, and 
eighteenth samples (skewing down one sample). Although this 
skewing procedure will not change the Lj9 value, nor the number 
of samples between the upper and lower confidence limits, it can 
sometimes provide the necessary accuracy without requiring further 
sampling. 


Skewing up or down in BR 320a refers to the direction of change 
as just explained. Note that using the fourth, tenth, and - 
sixteenth samples from the top, instead of the fifth, tenth onan 
seventeenth would be skewing up, not down, and would be so 
entered on BR 320a. Using the sixth, tenth, and eighteenth 
samples would be skewing down, and should be so entered. 


If the criteria are not met after skewing, take an additional 50 
samples. The maximum to be taken at any one site is 250. If 
the criteria are still not met after 250 samples, note this at 
the bottom of the data sheet. 


Even if the criteria are met after 100 samples, skewing should 
still be used if it will increase the accuracy of the results. 
For example, say the resulting limits for L109 after 100 samples 
without skewing are 75 +3 -3 dBA. Additionally, say that by 
skewing down, the limits would change to 75 +2 -3 dBA. The 
results should be reported as 75 +2 -3 dBA and skewing down 
indicated on the data sheet. If the accuracy can be increased 
through skewing, it should be done even if the criteria would 
be met without it. 


When the test criteria have been met (or 250 samples taken and 

the criteria not met), calculate L59 and Log. The former is the 
noise level exceeded 50 percent of the time and is represented 

by the 50th percentile reading from the top. Thus with 100 readings 
it's the 50th from the top, and so on. L909 is the noise level 
exceeded 90 percent of the time and is represented by the 90th 
percentile reading from the top. Log for 100 readings is the 

90th from the top; for 150 it is the 135th from the top. 


L50 is counted from the top. A common mistake is to count up 
from the bottom of the data to find Log. For example, with 100 
readings, counting up to the tenth reading from the hottom will 
give you the 9lst from the top, not the 90th. 


A simple rule in finding L990 is to count up from the bottom of 
the data the same number of readings listed under Lj109 in the 
table, and then count up one more -- this is Lg99. For instance, 


Test Method 2i 


for 150 readings, the table gives the 15th reading as Lig. To 
find L990, count up from the bottom of the data 15 readings plus 
one. 


The examples on this and the next two pages should help explain 
these rules. 


EXAMPLE 1 Criteria Met After 100 Samples 


At this site, 100 readings were taken, ranging from 37 to 52 dB. (The four air- 
plane readings, in this case, were not considered "representative" of the site 
and were not counted.) Counting down from the top, the highest reading is 52 dB 
the second and third both 51 dB, etc. as numbered on the sheet. In this case 
the tenth reading represents Ljo9, which is 49 dB. The fifth reading is the 
upper limit or 50 dB, and the seventeenth the lower limit at 48 dB. Since the 
difference between L19 (49 dB) and each limit is 1, L109 can be expressed as 

49 +1. No further readings are necessary, as +1 is well within the +3 dB limits 
required. L59 is the 50th reading from the top at 44 dB and Lg99 the . 90th at 

39 dB. 
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EXAMPLE 2 Criteria Not Met After 100 Samples; 50 More Were Taken 


Here 150 samples were necessary. The first 100, represented by slashes, resul- 
ted in an L10 of 49 +5 -2 dB (54 being the upper limit, and 47 the lower), 
which is not within the limits of + 3 dB. Even after skewing down, the limits 
would only be +4 -2. Fifty more readings were then taken and are represented 
by x's. The upper limit, L109, and lower limit (the 8th, 15th, and 23rd read- 
ings) are now 49, 48, and 47 dB, respectively. The Lig limits (48 +1 -1 dB) 


are now within requirements. 





i WA 
AQ Upper Limit:. 
: 5th from top: 


is AL 
Eng 


| L10! Lothy| yy 
77{" Telos [fF from top {7 


A] FF = 
VAT 
a FLEET 


Upper Limit: 8th from top | 
Lyjo: 15th from top. 












; 4 
(aq bondSiese wd GUY ower? tinit: ve AMELAHERHSRTSLEREUGLE apes 
Beith from top GYR ELLE TEC TET 

7 NG VAAL 3 
fe WAAAY : mepe|'s 
rs YWATT (eed GAT gRRAET TOIT OTSTT OSE eff] » 

AAA aa 
is YW) AAS CC 22 

[2 AWAIT, (VAX 22{~ | _|2 

PT AAA EE TORE ae 75th from top«/~]_|2 

eT TSIOAA/AM ILI LAA Ave | of | |} 

fs VAAL CWA " ATOOTOGENOERNEEI mE 

AAA, CAA = Ce 

AAT. AT) 2s 

fe AAA TOC [7 = 

VAT TOC | ef 

a VAAL WT GAL BABAR Tie 

rs WAR Tf hgo: 135th from top +s 

2 WAAL) TVW (16th from bottom) || 

ALT Tre TOT) fo < a8 





28 


EXAMPLE 3 Criteria Met After Skewing 


In this case, 150 readings were taken. The upper limit, L}9, and lower limit 
are 46 dB (8th from the top), 42 dB (15th from the top), and 41 dB (23rd from 
the top). These data can be skewed down by shifting the upper limit to 9th 
from the top (44 dB), and the lower limit to 24th from the top (still 41 dB). 
L19 remains 42 dB and is now 42%} instead of 42+}. 
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Noise Data Forms 


The form the NMT team will be concerned with when using the "check-off 
method" is the Noise Measurement Data Sheet (BR 320a). It contains 
information on the individual site location; a format for tfecording the 
actual test data; the coded tallies of data measurements; L19, Lso9 and 
Lgg values; and other information unique to a particular test and time. 
The BR 320a is the hard copy of the measurement data to support the EIS 
noise analysis. 


a. General Rules for Coding Forms 


Information must be written neatly and accurately. One character should 
be entered in each box provided. Use no special characters, roman 
numerals, Or punctuation. Allowable characters include capital 

letters A through Z and the numbers O through 9. To differentiate 
between the leter O (oh) and the number 0 (zero), place a slash 

through the letter in this manner: §. The rules below give proper 
coding procedure. 


1. Enter only one character (letter or number) in each box. 


wer ee er 
fonth 19) 20 Osy 21 22 Year 23 


Example: For May 8, 1976 i) [51/101 8) 10; 8!/[7]e) 


2. Decimals are printed on the forms; print only numbers in the boxes. 





3. Always record numbers from right to left in each group of boxes. 
Example: Enter a single digit as follows [olo 6}. 


4. If an error occurs, carefully erase the entry and place the correct 
data on both sheets of the form or draw a horizontal line through 
the entry, and record the correct data above the boxes involved. 

3 ONO 
Example: 

5. If an item is incorrectly circled, draw a diagonal line through the 

error and circle the correct item. 


87 Day (c ic: rete One) _ 


Example: 


6. Record starting and finishing times in a 24-hour fashion. 


30 (24 Hour Ciock) 33 


Example: For 3:45 p.m. TS l4ais] 


Test Methods a1 


7. 


Enter a slash through the letter "0" to distinguish it from 
a zero. 


Example: |S/9iU'TH! 


b. Coding the Data Sheet (BR 320a) 


ts 


Record the meter serial number, cover sheet number, test 
interval, PIN, weight, response, precipitation, wind speed, 
relative humidity, temperature, and point number at the 
lower right of the form. 


Diagram the measurement site (including critical distances) 
at the lower left of the form. 


Indicate an acceptable initial battery check by placing a 
check (¥) in the box labeled "I." . 


After calibrating the sound level meter, record the initial 
calibration values. (This should be 93.8 dB for the 2206 
meter and 4230 calibrator.) 


Determine the general range of noise levels existing at the 
site and indicate this range on the data sheet in the boxes 
to the left of the check-off grid. 


Record the starting time and begin noise level measurements 
at the proper time interval. Indicate these readings on the 
check-off grid (see Data Recording and Reduction on p. 14). 


After completion of the noise measurements, record the time 
finished at the bottom of the sheet. 


Count up the check marks on the check-off grid and fill 
in the subtotals and total number of readings. 


Record the results of the final battery check and calibration. 
If these are within the specified limits, record Ljq, the 

Lio limits, L59, and Logg at the bottom of the form. (If the 
battery check and/or calibration value falls outside the 
specified limits, the equipment and, thus the data are 
questionable.) 


A typical example of a coded BR 320a is shown on the next page. 
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Special Considerations 


General sites for noise measurements will usually be chosen and located on 
a map by a design or planning engineer. The technician team then takes 
the map to the sites and picks the best location to set up equipment. [If 


~ the site of interest is near a house or school, place the meter in the yard 


where there is likely to be human activity. The object is to measure noise 
from all sources to which the occupant is normally exposed -- not just traf- 
fic noise. Therefore, the meter should not be set up next to the road, where 
traffic noise is dominant. Also avoid billboards, sides of buildings, and 
other large reflecting surfaces. Noise tends to be reflected back to the 
microphone, increasing the noise level. It is sometimes necessary, however, 
to locate near a reflective surface; this should be done if so specified by 
the RNLE. 


Sometimes it is difficult to determine whether a sound is characteristic of 


a site. For example, an airplane may fly over during a measurement period. 


Perhaps only one flies over each day and you caught it, or perhaps they fly 
over frequently. In the former case, note the readings, but don't use them 


for calculating Lig. In the latter, count the airplane as typical noise. 
A tractor operating’on a farm might be considered typical noise, but one 


should try to return to the site to measure when it is not operating. In 
any event, the fact that a tractor was operating should be noted on the 
cover sheet. 


As for when to measure, we are limited to whenever the technician team gets 
to the site. It is impractical to try to hit each site when it is noisiest. 
Rush-hour traffic is not necessarily the noisiest condition -- heavy 

truck traffic may not appear until night-time. The best we can do is to 
project noise levels from measurements accompanied by traffic counts. The 
fine points of site selection, disturbances, and other measurement-related 
problems are often left to the discretion of the NMT team. In an unusual 
situation, however, the RNLE should be consulted to resolve the problen. 
Additional support may be obtained (calling collect, if necessary) from 
the Main Office Noise Unit in Albany; use the state tie-line access code 

or Area Code 518, and then dial 457-4285. This unit is also interested 

in your comments on special problems and their resolution. 


Noise Measurement Technician's Checklist 


a. Equipment 
pags Sree level meter with microphone. 
oe Cals brator. | 
3. W uordeoeeens 


4. Wind velocity meter. 
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5. Extension cable. 

6. Tripod. 

7. Clipboard and counter. 

8. Sling psychrometer. 

9. Stopwatch. 

10. Spare batteries. 
11. Coding sheets (BR 320a). 

Procedure 

1. Check that the meter is operating before going into the field. 

2. Measure and record wind speed -- do not take noise measurements if 
the wind is over 12 mph. Check relative humidity twice a day; dis- 
continue operations if it exceeds 90 percent. Discontinue noise 
measurements if the temperature falls below 14 F or exceeds 122 F. 

3. Check the meter battery. 

4. Set up the meter, tripod, and extension cable. 

5. Calibrate the meter -- 93.8 dB before measuring -- and re-check it 
after each site measured. Repeat the measurement if it is not reg- 
istering in the proper range (i.e., between 93.3 and 94.3 dB.) 

6. Take noise readings using A-weighting and slow response. Note 
starting time. 

7. Calculate Lio, Ls9, and Log. Note finishing time. 

8. Fill out the data sheet completely before leaving the site. 

9. Have your partner check your calculations. 
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Metrologger Method 
1. Scope 


This test method prescribes procedures for measurement of existing noise 
levels using the Metrosonics db-306A Metrologger Meter*. The db-306A 
Metrologger is a handheld sound level meter which contains a 
micro-processor programmed to calculate Leq. Lmax is also displayed. 


2. Equipment 


a. Equipment Required 


1. db-306A Metrologger Meter with Type mk-301P Boom Microphone. 
2. cl1-302 Acoustical Calibrator. 

3. ws-301 Windscreen. 

4. Wind Velocity Meter. 

5. Extension Cable. (Optional) 

6. Tripod with mounting adaptor. 

7. Clipboard and Counter. 

8. Sling Psychrometer. 

9. Spare Batteries. 

10. db-306/db-306A Metrologger Data Sheet (BR 187 ). 


b. Equipment Descriptions 
1. db-306A Metrologger with Boom Microphone 


This meter is a battery-operated acoustical computer used to 
determine SPL, Leq and Lmax in dBA. See the illustration on 
page 36. Its features and controls are as follows: 


a. Power Switch (S5) 


The power switch is located on the bottom of the meter and 
has two positions "on" and "off". A screw driver or 
ballpoint pen is needed to turn it "on" and "off" since it is 
a recessed button. Turning the power switch "off" for 3 
seconds or more clears the internal data memories. 


b. Display 


The four digit liquid crystal display on the front of the 
meter displays the Leq, Lmax, SPL, and duration of the 
sampling period. When the battery life is less than 8 hours, 
"BATT" will appear upon the display. 


*This test method may also be used with Metrologger Model db-306. The db-306 
has a red LED display which becomes blank when pushbutton switches are 
released. Also, when battery life is low, decimal points will appear on the 
display rather than "BATT". 
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c. SPL Switch (S1) 37 


This spring loaded pushbutton switch when depressed displays 
the instantaneous SPL function in dBA. It is located next to 
the microphone boom. 


d. Lmax Switch (S2) 


This switch is located next to the SPL switch. When 
depressed it displays the Lmax value. This value is the 
maximum SPL within the sampling period. 


e. Leq Switch (S3) 


This switch is the third pushbutton switch on the top of the 
meter. When depressed it displays the Leq which is the 
integrated average SPL for the sampling period. 


f. Time Display 


This feature of the Metrologger allows the operator to 
determine the duration of the testing interval by depressing 
two switches simultaneously. If Sl and S3 are depressed, the 
hours and minutes are shown. If Sl and S2 are depressed, the 
minutes and seconds are shown. The latter is the only time 
display we will be concerned with since the maximum testing 
period is usually 25 minutes. 


g.- Operate/Standby Switch (S4) 


This slide switch which is located on the top of the meter 
has two settings, "operate" and "standby". The "operate" 
position, which is toward the microphone, is used when 
collecting data. The "standby" position, which is away from 
the microphone, is used during calibration and microphone 
exchange to interrupt the acquistion of data. 


h. Sensitivity Adjustment (R1) 


This small screw on the bottom of the meter will adjust the 
display reading of the SPL when calibrating the meter. 


i. Microphone 


This ceramic microphone is mounted on a 4% inch boom which is 
attached to the top of the meter. 


Acoustical Calibrator 


This is used to calibrate the sound level meter. The calibration 
signal for the cl1-302 calibrator is 102dB at 1000 Hz. 
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3. Windscreen 


This foam ball when placed over the microphone reduces the noise 
caused by the wind blowing across the microphone. It is 
effective up to 12 mph, at which speed measurements are to be 
discontinued. Always use the windscreen, even on still days, 
since it also protects the microphone from dust and damage. 


4, Wind Velocity Meter 


Instructions for use are printed on the back of this meter: "To 
use, face the wind. Hold meter in front of you in vertical 
position and with scale side toward you. Do not block bottom 
holes. Height of ball indicates wind velocity. For high scale, 
cover hole at extreme top with finger." Take wind velocity 
readings at the beginning of each measurement period. 


5. Extension Cable 


The cable is used only in rare cases when two simultaneous 
readings are needed or if, for practical reasons, the microphone 
must be placed away from the meter. The cable attaches to the 
microphone boom at one end and the meter at the other. 


6. Tripod with Mounting Adaptor 


Used to support the microphone or microphone and meter about 5 
feet above the ground. 


7. Clipboard and Counter 


A legal-size clipboard is supplied with a counter attached. The 
counter can be used to keep a vehicle count. 


8. Sling Psychrometer 


Noise should not be measured when the relative humidity rises 
above 90 percent. Higher humidity often causes condensation on 
the microphone, rendering it useless until it dries. The 
psychrometer thus is used to determine relative humidity. The 
manufacturer's operating instructions are reproduced on page 22. 
Measure relative humidity twice daily, usually in the morning and 
the afternoon. 


Calibration of the db-306A Metrologger 


As was mentioned previously, the cl-302 calibrator has a calibration 
signal of 102dB at 1000Hz. The calibration procedure is as follows: 


1. Slide the S4 switch to "standby". 
2. Turn on the meter power switch, S5. 


3. Depress Sl. The SPL will be displayed. 


7a; 


Battery Replacement for the db-306A Metrologger 
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Place the calibrator on the microphone, seat it firmly, and turn 
it on. The display should indicate 102dB. If it does not, turn 
the sensitivity adjustment screw on the bottom of the meter until 
the display shows 102dB. Note that the operating temperature 
range for this instrument is -10°C (14°F) to 50°C (122°F). Near 
either extreme, the meter may drift slightly from 102dB. If this 
is the case, turn the calibrator and meter off. Wait a few 
minutes for the meter to become acclimated to the ambient 
temperature and then calibrate the meter. 


Once the meter has been calibrated turn the calibrator off and 
carefully remove it from the microphone. Attach the windscreen 
immediately. i 


If the calibrator isn't functioning properly, replace the 
calibrator battery as follows: 


a. Remove the plate on the base of the calibrator. 
b. Carefully disconnect the wires from the old battery. 


c. Carefully connect the new battery and place it in the 
calibrator. 


d. Replace the plate. 


In the normal operating mode of the db-306A, if the symbol "BATT" 
appears on the display, the remaining battery life is 8 hours or 
less. When this occurs, or if the display is totally blank, replace 
the battery with an MN-1604D 9-volt battery or a standard NEMA 1604 
or 1604D 9-volt battery. (An MN-1604D gives the maximum operating 
life.) 


To replace the battery: 


Turn the meter off by depressing S5. 

Remove the large screw at the bottom of the meter. 

Remove the bottom plate, exposing the battery. 

Replace the battery, bottom plate and screw. 

Turn the meter on by depressing S5 and check the display. When 


Sl is depressed, the SPL should be displayed and the symbol 
"BATT" should no longer be seen. 
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e. Maintenance and Repairs 


The db-306A Metrologger, microphone and calibrator are precision 
equipment and should be treated accordingly. If they fail to operate 
properly, return them to the Noise Measurement Unit of the Materials 
Bureau at the Albany Main Office, either by courier (if available) or 
by United Parcel Service. (Do not send by parcel post.) When 
shipped to the region from Albany, the equipment is accompanied by a 
receipt; check to be sure all that is supposed to be shipped is 
actually included in the package. When the equipment is returned to 
Albany, return the receipt, and note if any equipment was lost or 
broken. Keep each set of equipment together - don't mix and match 
with other sets, as that makes it more difficult to keep track of 
equipment. 


Test Procedure 


The method used to determine Leq and Lmax is very simple because the 
db-306A contains an internal microprocessor which performs all 
computations. The meter collects 4 samples/second and the Leq value is 
continuously updated. The data, Leq and Lmax, appears as digital readout 
on the display. The computational accuracy of the meter is + .5dB. The 
procedure is as follows: 


a. Check the equipment for proper operation before going into the piste 
The following checks should be performed. : 


1. Battery. With the microphone attached and switch $4 on "standby" 
turn the meter on by depressing switch S5. Depress the SPL 
button, Sl. If there is no display or if "BATT" appears on the 
readout, replace the battery using the procedure described in 
Section 2d. 


2. Calibration. Verify that the equipment can be properly 
calibrated as described in Section 2c. 


3. Data Collection. With S4 on "standby", check that the time 
display functions indicate zero and that they are not updating. 
Also, check the Lmax and Leq display functions: these should 
indicate the base value of 40. Switch S4 to "operate". Check 
that the time display functions are now updating and that Lmax 
and Leq are above the base value and updating. 


After confirming the proper operation of the equipment, place S4 
on "standby" and turn the meter off by depressing switch S5. 
Remove the microphone and place the meter, microphone and 
calibration equipment back in the carrying case. If the 


equipment cannot be made to operate properly, refer to Section 2e 
above. 


b. At the measurement site, obtain weather data (wind velocity, relative 
humidity, temperature, precipitation), and record this information on 
the data sheet as described in Section 4. The db-306A's operating 
temperature range is from -10°C (14°F) to 50°C (122°F). Discontinue 
operations if the ambient temperature is outside this range, if the 


relative humidity exceeds 90 percent, if the wind velocity is greater 
than 12 mph or during precipitation. 


Remove the meter from the carrying case and attach the microphone. 
Check the battery as described above. 


Set up the tripod with the mounting adapter. Insert the meter and 
microphone into the adapter. (If an extension cable is used, only 
the microphone will be attached to the tripod.) 


Calibrate the meter as described in Section 2c. _ 
Attach the windscreen. 
Note the time and slide S4 towards the microphone to "operate". 


At intervals of 5, 10, and 15 minutes read Lmax (depress $2) and Leq 
(depress S3). Record them on the data sheet. While taking the 
readings note the sources of the noise (i.e. local traffic, 
expressway, etc.). Also note any unusual disturbance or condition 
i.e. horn, helicopter, airplane, truck, reverberation off of a 
building etc. These factors should be noted on the data sheet. 


Special Note: 


An unusual noise occurrence which is not a part of the normal 
ambience can be excluded from the data collected by switching S4 to 
"standby" until the occurrence has passed and then returning S4 to 
"operate". None of the data collected before S4 is switched to 
“standby” will be lost, the data registers and time functions will be 
frozen until S4 is placed on "operate". After placing S4 on 
"operate", continue to record Lmax and Leq at 5-minute intervals as 
indicated by the time display. 


Simultaneously keep count of the numbers of cars and trucks passing 
the measurement site if the location is close to or within sight of 
a roadway. 


If Leq has stabilized to the same value at the 10 and 15 minute 
readings, stop. If not, continue to take readings at 5-minute 
intervals until two consecutive Leq readings are the same. 
(Discontinue after 25 minutes.) 


Special Situation: 


If you should notice that your Leq values are flucuating between two 
numbers, depress the $3 switch and note the Leq values. Do they 
fluctuate between, for example, 69 and 70? If they do, the final Leq 
value should be recorded as 69.5. Because the meter only displays 
integers, it is constantly rounding off to the closest integer. The 
actual Leq value is probably somewhere between 69.4 and 69.6. The 
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meter, however, continues to round either up to 70 or down to 69. 
This is the only situation in which you need to record a decimal 
point on the data sheet. All other data should be in whole numbers. 


After reaching a stable Leq (i.e. two consecutive identical Leq 
values), switch S4 to "standby" and then record Leq and Lmax at the 
bottom of the data sheet. Also record L10 which is computed by 
adding 3 to Leq. 


At the conclusion of the test, recheck the calibration of the meter, 
recheck the battery and record these results on the data form. Also 
include a diagram of the location with critical distances. 


Note the time finished and record it on the data sheet. Recheck to 
be sure the data form is complete and accurate. 


Turn the meter off using switch S5. (This will clear the data memory 
where Lmax and Leq are stored.) 


To perform an accurate analysis, it is imperative that at least two 
sets of data be taken at each site. If possible these measurements 
should be taken at different times of the day, noting special factors 
which contribute to the ambient noise level such as peak traffic 
volumes, manufacturing operations, etc. If the difference in the Leq 
of the two sets of data is less than or equal to 3dBA, a third set of 
data is not needed. If, however, the difference is greater than 
3dBA, a third set of data should be taken and factors causing these 
level flucuations should be noted. 


Noise Data Form 


Data collected using the db-306A should be recorded on the db-306/db-306A 
Metrologger Data Sheet (BR 187 ). See the illustration on page 43. 


The general rules for coding forms can be found on pages 30-31. 


The db-306/db~306A Metrologger Data Sheet (BR 187 ) is coded as follows: 


1. 


Record the meter serial number, date, coversheet number, PIN, 
precipitation, windspeed, relative humidity, temperature and point 
number at the bottom of the form. 


Diagram the measurement site (including critical distances) at the 
lower left of the form. 


Indicate an acceptable initial battery check by placing a check A 
in the box labeled "I". 


After calibrating the db-306A, record the initial calibration value. 
(This should be 102dB for the db-306A Metrologger when calibrating 
with the cl1-302 Acoustical Calibrator.) 


Record the starting time and the noise level measurements at the 
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5. 


proper time intervals. Also note noise sources and any unusual 
noises. If possible note the intervals in which they occur. 


6. After completion of the noise measurements, record the time finished 
and the final Leq, Lmax, and L10 values. 


7. Record the results of the final battery check and calibration. (If 
the battery check and/or calibration value falls outside the 
specified limits, the equipment and the data are questionable.) 


Special Considerations 


General sites for noise measurements will usually be chosen and located 
on a map by a design or planning engineer. The technician then takes the 
map to the sites and picks the best location to set up equipment. If the 
site of interest is near a house or school, place the meter in the yard 
where there is likely to be human activity. The object is to measure 
noise from all sources to which the occupant is normally exposed - not 
just traffic noise. Therefore, the meter should not be set up next to 
the road, where traffic noise is dominant. Also avoid billboards, sides 
of buildings, and other large reflecting surfaces. Noise tends to be 
reflected back to the microphone, increasing the noise level. It is 
sometimes necessary, however, to locate near a reflective surface; this 
should be done if so specified by the RNLE. 


Sometimes it's difficult to determine whether a sound is characteristic 
of a site. For example, an airplane may fly over during a measurement 
period. Perhaps only one flies over each day and you caught it, or 
perhaps they fly over frequently. If the former is true record the data 
but note in the comments section the fact that an airplane flew over 
during that time interval. This data is questionable and probably 
shouldn't be in the final Leq or Lmax value. If it's known that the 
sound is not typical of the site you should stop taking readings and 
resume after the disturbance is over. This can be done by switching S4 
to "standby" and later switching it back to "operate." Once the meter is 
again on "operate" it will resume taking readings and the meter's clock 
will resume counting the test duration. If, however, you should decide 
to discard the data collected and start again, turn the S4 switch to 
"standby" and turn the power switch off. Leave the meter off for 3 
seconds to clear it. Turn the power switch back on, note the time and 
switch S4 to “operate” to start the new test. If the noise from the 
airplane is typical of the site note it on the comments section and 
record the data. 


As for when to measure, we are limited to whenever the technician team 
gets to the site. It is impractical to try to hit each site when it is 
noisiest. Rush-hour traffic is not necessarily the noisiest condition - 
heavy truck traffic may not appear until night-time. The best we can do 
is to project noise levels from measurements accompanied by traffic 
counts. The fine points of site selection, disturbances and other 
measurement-related problems are often left to the discretion of the NMT 
team. In an unusual situation, however, the RNLE should be consulted to 
resolve the problem. Additional support may be obtained (calling 
collect, if necessary) from the Main Office Noise Unit in Albany; use the 


State tie-line access code or Area Code 518 and then dial 457-4285. This 
unit is also interested in your comments on special PSD and their 
resolution. 


Noise Measurement Technician's Checklist 


a. Equipment 


bs 


10. 


db-306A Metrologger with boom microphone. 
c1-302 Acoustical Calibrator. 

Windscreen. 

Wind Velocity Meter. 

Extension Cable. (Optional) 

Tripod with Mounting Adaptor. 

Clipboard and Counter. 

Sling Psychrometer. 

Spare Batteries. 


db-306/db-306A Metrologger Data Sheets (BR 187a). 


b. Procedure 


Check that the meter is operating before going into the field. 
Measure and record windspeed - do not take noise measurements if 
the wind is over 12 mph. Check relative humidity twice a day; 
discontinue operations if it exceeds 90 percent or during 
precipitation. Avoid noise measurements if the temperature falls 
below 14°F. 

Check the meter battery. 


Set up the meter tripod and extension cable if necessary. 


Calibrate the meter - 102 dBA before measuring - and recheck it 


after each site measured. Repeat the measurements if the final 


calibration value is not 102dBA. 


Note the starting time. Record Lmax and Leq every 5 minutes. If 
Leq has stabilized for the 10 and 15 minute readings, stop. If 
not, continue until two consecutive Hag Ss be are the same. 
Discontinue at 25 minutes. 


Note finishing time. Record the final L10, Leq and Lmax at the 
bottom of data sheet. 


Fill out the data sheet completely before leaving the site. 
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APPENDIX 


Glossary of Terms 

Forms List 

Equipment List 

Method of Determination of Confidence Limits and Coefficients 
References for Further Reading 

Mathematical Statement of Sound Pressure Level and Decibel 
Addition of Two Equal Sources 

Federal-Aid Highway Program Manual 7-7-3 
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A. Glossary of Terms 
A-Weighting: adjustment of the amplitude of a sound wave based on frequency 
designed to approximate frequency response of the -human ear. 
Ambient Noise: all noise existing at a site. 
Amplitude: for a wave, the amount of displacement from an equilibrium level. 
Attenuation: a reduction of wave amplitude. 
Calibrator: an electronic device used to generate a known sound IR: 


Car: any four-tire, two-axle vehicle, including sports cars, pickup trucks, and 
small vans. 


Characteristic Sound: a sound representative of a measurement site. 


Check-off Method: a method for measuring ambient noise by taking readings at a 
prescribed time interval, ranking them, and analyzing them statistically. 


Confidence Limits: the upper and lower values of the range within which a 
given percent probability applies; for instance, if the chances are 
95 out of 100 that a sample lies between 10 and 12, the 95-percent 
confidence limits are said to be 10 and 12. 


Cycle per Second: a complete wave occurring in 1 second (see Hertz). 
Data: measurements taken as bases for an investigation. 

dB: abbreviation for decibel. 

dBA: abbreviation for decibel utilizing the A-weighting network. 


Decibel: the units of amplitude measurement for sound pressure level, defined as 


. p \2 P 
SPL,. = 10 log | — or SPL.. = 20 log {| — 
dB dB 
Fo Po 


where P = disturbance pressure, and 


Fo 


reference pressure. 


mp 
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Equilibrium Level: the reference or undisturbed level for a particular 
quantity; for sound, the equilibrium level is atmospheric pressure. 


Frequency: the number of time a wave repeats within a given period. 
Heavy Truck: any three or more axle vehicle including commercial busses. 
Hertz: one cycle per second, abbreviated Hz. 

Humidity: the percent of moisture in the air. 

cal 


0° Leo: Lg? sound levels exceeded, respectively, 10, 50, and 90 percent of 


the time ° : 
Leq: the integrated average SPL for the sampling period. 


Logarithm: the power to which a base number is raised to equal a given value; 
for example, 10° = 100 and log, 9 100 = 2. 


Masking: the effect whereby a sound that is approximately 10 dB or greater than 
another "drowns out" the lesser sound. 


Medium Truck: any two-axle, six-tire vehicle or motorcycle. 


Microphone: an electronic device sensitive to pressure changes, converting them 
into electrical current. 


Noise: unwanted sound. 


Pressure: force applied on a given area; some pressure units are pounds per 
square inch (psi), atmospheres, etc. 


Reference Pressure: for sound measurement, this is 20 micornewtons per square 
meter; -- the smallest pressure the ear can detect. 


Sling Psychrometer: a device for measuring relative humidity. 

Sound: a wave disturbance in an elastic medium, such as air. 

Sound Level: weighted sound pressure level measured by a metering device. 

Sound Level Meter: a device for measuring sound level. 

Sound Pressure Level: in decibels, 10 times the logarithm of the square of the 
ratio of the disturbance pressure to the reference pressure; it is a 
measure of the amplitude of a sound wave. 


Traffic Mix: percentage of cars and trucks in the total number of vehicles. 


Traffic Volume: total number of vehicles in a given time period. 
Wave: variation in a medium characterized by frequency and amplitude. 


eile 


Appendix 


Windscreen: 


a 


a porous polyurethane sponge material used on a microphone to 


eliminate wind noise and protect against dust. 


Wind Velocity Meter: 


B. 
1. Form BR 320a: 


2. Form BR 187a: 


a device for measuring wind speed. 


Forms List 
Noise Measurement Data Sheet. 


db-306 /db-306A Metrologger Data Sheet. 


in Equipment List 


Microphone. 


Metrosonics 


2. Windscreen. 

3. Wind Velocity Meter. 

4. Extension Cable. (Optional) 

5.. Tripod. 

6. Clipboard with counter. 

7. Sling Psychrometer. 

8 (with B&K 2206 only) 


oe 


- Stopwatch. 


sg ee == 


Bruel and Kjaer Type 2206 Sound Level Meter with Type 4148 Condenser 
Bruel and Kjaer Type 4230 Calibrator. 

or 
Metrosonics db-306A Metrologger with Type mk-301P Boom Microphone. 
Type cl-302 Calibrator. 


D. Method of Determination of Confidence Limits and Coefficients 


This method is reproduced in facsimile from Fundamentals and Abatement of High- 
way Traffic Noise (see Anderson, Miller, and Shadley in Appendix E). 


Assume that a total of n statistically inde- 
pendent noise levels Zl have been measured 
from the same population. Assume, further, 
that these noise levels are ordered accord- 
ing to their magnitudes, and let the sequence 
of these ordered levels be denoted by 71, 
Z2,--.l2n, where the highest measured level 

is denoted by 7; and the lowest is denoted 
by Zn- 


Let Ly, denote the pth percentile noise level 
as date 

which the n samples have been drawn. 
defined by, 


oo 


£(l)al = p, 
be 


(1) 


rmined by the infinite population from, 
the 
' the sth noise level is lower than L,. 


higher than Lp 


where £(2) is the propability density func- 
tion of the noise levels from which the sam- 
ples have been drawn. Thus, the probability 
is p that a randomly drawn sample will have 
a level 7 higher than the level Lp. The pro- 
blem is to estimate Lp, for a given value of 
p, from a finite set of ordered samples 271, 


OWRD Date eae 
29 2 n 


' Assume that n samples have been drawn and or- 


dered as described above. Consider the event 
lr>Lp>Zis where r<s; that is, the event that 
rth noise level is higher than Lp and 
This 
event is equivalent to the compound event 
that exactly r measured levels are higher 
than Lp or exactly r+l measured levels are 
Onn or exactly s-2 measured 
levels are higher than Ly or exactly s-l mea- 
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Sured levels are higher than Lp. These events 
are mutually exclusive; therefore, the proba- 
bility of this compound event is the sum of 
the probabilities of the individual events. 
Now, according to Eq. l, the probability is 

p that any one noise level measurement is lar- 
ger than Lp: Since tne measured levels are 
assumed statistically independent, the proba- 
bility that exactly k of the measured levels 
are higher than Lp is the probability of ex- 
actly k "successes" in a set of n Bernoulli 
trials, where the probability of the "success" 
of a single trial is p. In such a situation, 
the probability of k successes is 





(2) 


“= Ta-k)tkr (3) 
Thus, the probability of the above described 
compound event is obtained by summing the pro- 


babilities (2), forvk=r, rel, .<., Soe, Sti; 
that is 


Noise Measurement 


probability that 
s noise level mea- 


Equation 4 expresses the 
at least r but less than 
surements fall above the level Lp. Notice 
that at no point have we made any assumptions 
about the form of the noise level probability 
density function f£(Z). 


Let us now designate Pr [2 ->b)>2,| by Vipade & ely 


Pr [2 >L_>Z | OV. 

leap eas 
Then, by definition, y is the confidence co- 
efficient that the rth and sth measured le- 
vels satisfy the relationship 2 lps; lp 
and ls are known as the upper and lower con- 
fidence limits for the pth percentile noise 
level L.. 

Pp ; 

Table 3.1 lists values of y for selected sets 
of values of n, r, and s, where all values 
listed are for the case where p = 0.10. The 


values were computed using the right-hand side 
of Eq. 4. 


(S) 


~ 


TABLE 3.1 - CONFIDENCE COEFFICIENTS 


Lower Error 
Limit, x 


Number of 
Samples, n 


Upper Error 
Limit, s 


Confidence 
Coefficient, y 





Appendix ao 


Ls 


E. References for Further Reading 


Books on Noise, Acoustics, and Related Problems 


Alexandre, A.I., Barde, J., Lamure, C., and Langdon, F.J. Road Traffic 
Noise. New York: John Wiley, 1975. 


Anderson, G.S., Miller, L.N., and Shadley, J.R. Fundamentals and Abate- 
ment of Highway Traffic Noise.. Report FHWA-HH1-73-7976-1, Federal 
Highway Administration, U.S. Department of Transportation, 1973. 


Beranek, L.L. Acoustics. New York: McGraw-Hill, 1954. 
Beranek, L.L. Noise and Vibration Control. New York: McGraw-Hill, 1971. 


Berland, T. The Fight for Quiet. Englewood Cliffs, N.J.: Prentice- 
Hall, 1970. = 


Bolt, Beranek and Newman, Inc. HUD Noise Assessment Guidelines. Report 
2176, U.S. Department of Housing and Urban Development, 1971. 


Bragdon, C.R. Noise Pollution: The Unquiet Crisis. Philadelphia: 
University of Pennsylvania Press, 1971. Nas 


Broch, J.T. The Application of the Briiel and Kjaer Measuring Systems to 


Acoustic Noise Measurements. Denmark: Brtiel and Kjaer, 2nd ed., 
January 1971. ne 


Burns, W. Noise and Man. Philadelphia: Lippincott, 2nd ed., 1973. 


Franken, P.A. (comp.). Glossary of Terms Frequently Used Concerning Noise 
Pollution. New York: American Institute of Physics, 1967. 


Galloway, W.J., Clark, W.E., and Kerrick, J.S. Highway Noise: Measure- 
ment, Simulation, and Mixed Reactions. Report 78, National 
Cooperative Highway Research Program, Highway Research Board, 1969. 


Gordon, C.G., Galloway, W.J., Kugler, B.A., and Nelson, D.L. Highway 


Noise: A Design Guide for Highway Engineers. Report 117, National 
Cooperative Highway Research Program, Highway Research Board, 1971. 


Harris, C.M. (ed.). Handbook of Noise Control. New York: McGraw-Hill, 
29576 


Kinsler, L.E., and Frey, A.R. Fundamentals of Acoustics. New York: John 
Wiley, 2nd ed., 1962. 


Kryter, Karl D. Effects of Noise on Man. New York: Academic Press, 1970. 


Kugler, B.A., and Piersol, A.G. Highway Noise: A Field Evaluation of 


Traffic Noise Reduction Measures. Report 144, National Cooperative 
Highway Research Program, Highway Research Board, 1973. 


56 


ats 


Noise Measurement 
Lyons, R.H. Lectures in Transportation Noise. Cambridge, Mass.: Grozier 
Publishing Co., 1973. 
Marks, P.L. Acoustics. New York: Chemical Publishing Co., 1951. 
Magrab, E.B. Environmental Noise Control. New York: John Wiley, 1975. 


Peterson, A.P.G., and Gross, E.E., Jr. Handbook of Noise Measurement. 
Concord, Mass.: General Radio Co., 6th ed., 1967. 


Rettinger, M. Acoustic Design and Noise Control. New York: Chemical 
Publishing Co., 1973. 


Swenson, G.S., Jr. Principles of Modern Acoustics. New York: Van Nos- 
trand, 1953. 


Taylor, R. Noise. Baltimore: Penguin Books, 1970. 

U.S. Department of Transportation, Federal Highway Administration. 
Federal-Aid Highway Program Manual, Volume 7, Chapter 7, Section 3. 
Transmittal 192, May 14, 1976. 


U.S. Environmental Protection Agency. Information on Levels of Environ- 


mental Noise Requisite to Protect Public Health and Welfare With 
an Adequate Margin of Safety. Report 550/9-74-004, 1974. 


U.S. Environmental Protection Agency. Public Health and Welfare Criteria 
for Noise. Report 550/9-73-002, 1973. i 


Van der Ziel, A. Noise. Englewood Cliffs, N.J.: Prentice-Hall, 1954. 
White, F.A. Our Acoustic Environment. New York: John Wiley, 1975. 


Yerges, L.F. Sound, Noise and Vibration Control. New York: Van Nostrand, 
1969. 


Periodicals on Noise, Acoustics, and Related Subjects 


Applied Acoustics (French; English abstracts). 


Journal of the Acoustical Society of America, American Institute of 
Physics, 335 E. 45th St., New York, N.Y. 


Journal of Sound and Vibration, Academic Press, 111 Fifth Ave., New York, 
NX 10003. 


Noise Control Engineering, Institute of Noise Control Engineering, 
Poughkeepsie, N.Y. 12603. 


Noise Control Report, Business Publishers, Inc., Silver Springs, Md. 


Noise News, Institute of Noise Control Engineering, Poughkeepsie, NY 12603. 


Appendix 
pp ad | 


Sound and Vibration, Acoustical Publications, Inc., 27101 E. Oviatt Rd., 
Bay Village, Ohio 44140. 


F. Mathematical Statement of Sound Pressure Level 


And Decibel Addition of Two Equal Sources 


The mathematical statement of sound pressure level in decibels is 


SPL, = 20 logig at 
dB = 
0 
where P = the change from atmospheric pressure caused by the sound 


wave, and 


Po = the reference pressure, equal to the smallest pressure the 
human ear can detect. 














ee ae 


As stated earlier, the range of pressures the human ear can detect is very 
large. Because this is true, the logarithm of the pressure ratio is used. 

By using a logarithm, we can convert a very large number into a much smaller 
one. We can then convert the very large range of pressures the human ear 

can detect into a smaller range of numbers that are easier to deal with, thus 
making it easier to compare different sounds. 


For instance, suppose we had four sound waves, each causing a pressure dis-_ 
turbance 10 times greater than the previous one. In mathematical terms, we 


could state this as follows: 


Sound Wave 1: P, = 100 P 


1 0 
Sound Wave 2: P, = 10 PL = 1,000 Po 
Sound Wave 3: P3 = 10 P, = 10,000 Po 
Sound Wave 4: Py = 10 P, = 100,000 Po 


Dividing both sides of these equations by Po? we get: 


> D 
Pee TO e100 
Po PO 

> P 

2/5 1000 —2. =8F, 000 
P P 
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B i. 


310) 0007 = 10,000 
PO PO 

P, - 

—4 = 100,000 —2 = 100,000 
PB, Po 


since dividing Po by PO is equal to 1, just as 2 divided by 2, or 3 divided 

by 3 equals l. 

Now, SPL is defined in terms of "base 10"' logarithms. This means we know that 
10 x 10 = 100 -- 10 x 10 is known as 10% (10 squared). Similarly, 10 x 10 x 
10 = 1,000 = 10° (10 cubed). The "base 10" logarithm of a number is defined 
as the number of times 10 must be multiplied by itself to get the number. For 
instance, 


10 x 10 = 100 
or 

10% = 100 
Then 

logj9 100 = 2 


Ten multiplied by itself will give 100. Therefore, the base 10 logarithm of 
100 is equal to 2. In the same way, then, if log;) 100 = 2, then 


log;9 1,000 = 3 (10 x 10 x 10 = 1000) 
Similarly, 


logi9 10,000 = 4 (10 x 10 x 10 x 10 = 10,000) 
1 2 - 3 4 


log;9 100,000 = 5 (10 x 10 x 10 x 10 x 10 = 100,000) 
2 2 3 4 5 


Let's return to our sound waves. The SPL equation says we multiply 20 times 
the base 10 logarithm of P/Po: Setting up a table: 


Sound Wave P/P logig P/P) SPL 





0 db 
a 1 100 2 40 
ah 2 1,000 3 60 
si 3 10,000 4 80 
4 100, 000 5 100 
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We can see that for a range of pressures from 100 to 100,000 times the smallest 
pressure the ear can detect, the range in decibels is only 40 to 100. It is 
much easier to compare numbers from 40 to 100, and plot 40 to 100 on a graph 
or measuring device, than to plot 100 to 100,000. 


‘ 
Now, as we also said earlier, if two boards are each 10 ft long, the total 
length of both is 20 ft. However, two equal sound sources producing 70 dB 
each add up to only 73 dB -- not 140 dB. This is because: 
the definition of SPL is decibels is: 


P 
SPLip = 20 logi9 — 


this is the same as 


FO 
where 
€ ) Pe eP 
me ee ee 
Po Po Po 
To prove this, let's assume P/P) = 100. Then 
(; ) P P 
ole ton x Bt 100-%410008.10, 000 
Mi tice to 0 


Lets put the two equations for SPL side by side: 


2 
SPL) =) 20 logy 9° ia SPL,, = 10 1081(= ) 
dB dB 
P Pp 
0 0 
SPL ip = 20 logig 100 SPL 53 = 10 logj9 10,000 
logj9 100 = 2 log;9 10,000 = 4 
10 x 10 = 100 10*x 40 = 10.x 10 = 10;000 
oe SPL os = 20 x 2 eo SPLis = LOte 4 
SPL, = 40 SPL o2 6.40 


dB dB 
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We can see then that both definitions are the same because they produce the 


Same answer. 


Let's get back now to our two equal sound sources. 


Suppose the 


pressure ratio produced by one source is (P/P)) = 10. Then 


Vs 


1 


1 


Pp 

x eases 

E etmek a 
OPO 


00 


For two equal sources, the pressure ratio squared will be twice this, or 


source 
P 
c 


source 


SPL 


log 10 


ee SPL 
one 


source 


SPL 
one 


source 


200 


10 log; 9 100 


IO tx: 2 


20 dB 


SPL so 


equal 
sources 


equal 
sources 


logi9 200 


= 200 


10 log,9 200 


2.3 


The base 10 log of 200 can be found 
in any table of logarithms 


equal 
sources 


SPL 
two 


equal 
sources 


Thus two equal sources produce only a 3-dB increase in 


sources. 


Toes) 203 


235205 


SPL over only one of the 
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MATERIAL TRANSMITTED 


a. Volume 7, Right-of-Way and Environment; Chapter 7, 
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b. Table of Contents for Volume 7, Chapter 7. 
EXISTING ISSUANCES AFFECTED 


a. PPM 90-2, Noise Standards and Procedures (Federal-Aid 
Highway Program Manual (FHPM), Volume 7, Chapter 7, 
Section 3), dated February 8, 1973, is superseded. 

b. FHPM, Yolume 7, Chapter 7, Section 3, Subsection 1- 
is superseded. y 


COMMENTS 


This directive was developed pursuant to Section 109(i) 
Greil ticoico, U.S. Us ities pramarily 2 consolidation .cft 
two existing directives, PPM 90-2 and FHPM 7-7-3-1. 

In addition to rewriting the noise standards in the 

FHPM format, the language has been changed in.some 
sections to more clearly indicate the intent of the 
directive. The following significant additions have also 
been made: 


a. Exceptions to the design noise levels are no longer 
Tequired on highway projects on which the access is 
mecontrolled. 


b. The original, directive..(PPM 90-2) stated .tharovifta 
project had location approval prior to July 1, 1972, 
and design approval prior to July 1, 1974, then 
compliance with the noise-standards was not a4 
prerequisite to PS&E approval. The new directive 
Tequires compliance with the noise standards for all 
projects which receive authorization to advertise for 


the major grade and drain elements after July 1, 1976. 


cate apie Sox ace. —- =—we-- 
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An additional optional noise descriptor (leq) is ' 
included in the directive. The new descriptor is 
more statistically reliable for low volume rdadways. 
It is alsovmore flexible in terms of permitting 
noise levels from different sources to be included 
in the analysis. 


The directive requires some general steps concerning 
construction noise. These steps include identifying 
sensitive land uses or activities during the project 
development studies, determining the measures needed 
to minimize or eliminate the adverse construction 
noise impacts, and incorporating the needed abatement 
measures in the contract decuments. 


The funding policy is expanded to permit the 

Regional Federal Highway Administrator to approve on 

a case-by-case basis extraordinary noise abatement 
measures where the noise impacts are especially 

severe and where ordinary kinds of abatement measures 
are physically infeasible or economically unreasonable. 
These extraordinary measures could include the 
acquisition of a severely impacted property, the 
relocation of a dwelling or structure or the 

noise insulation of a private dwelling. 


REGULATORY MATERIAL 


This entire directive will be regulatory and will be 
published in the Federal Register under 23 CFR Part 772. 


EFFECTIVE UALS 


This directive is effective May 24, 1976. 
FILING INSTRUCTIONS 


a. 
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RIGHT-OF-WAY AND ENVIRONMENT 


CHAPTER 7 ENVIRONMENT 
PROCEDURES FOR ABATEMENT OF HIGHWAY TRAFFIC 
NOISE AND CONSTRUCTION NOISE 


Transmittal 192 















May 14, 1976 
Par.) 1." Furpose HEV =21: 

2. Authority | 

3. Noise Standards 

4. Definitions 

S. Retroactivity 

6. Applicability 

7. Analysis of Traffic Noise Impacts and Abatement 
Measures 

8. Design Noise Levels 

9. Procedure for Requesting Exceptions to the 
Achievement of the Design Noise Levels for 
Type IA Highway Projects 

10. Policies for Coordination With Local Officials 

ll. Noise Abatement Measures for Lands Which Are 
Undeveloped on the Date of Public Knowledge 
of the Proposed Highway Project 

12. Federal Participation 

13. Construction Noise 

14. Traffic Noise Prediction Methods 

1. PURPOSE 


4 To promulgate: 


a. poltctes and procedures ror notse studies and notse 
abatement measures, 


bd. destgn notse levels, and 
C. PEquiremencs for coordinatton with local officials 
for use tin the planning and destgn of htghways 
approved pursuant to Title 23, United States Code. 
2. AUTHORITY 
pseearCemi toi h)) 109(21) wand 42 U.S.C. 4331, 4332. 


4Regulatory material is italicized. 
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Federal-Aid Highway Progras Manual - VoleTHecu. 7 
Transmittal 192, May 14, 1976 Sec. 3 
3. NOISE STANDARDS 


The highway traffic notas studiss, noise abatement 
procedures, coordination requirements, and design 
notae levels in this directtus constitute tke noise 
standards mandated by 33 U.S.C. 109(t). AtL highway 
projects watch are developed tn conformance with 
thts directive shall be deemed in conformance with 
the PEWA notae standards. 


DEFINITIONS (as used in this directive) 


Be 


Buffer Zone - lands, properties, and parcels (or 
portrons thereof) adjacent to a highway acquired 
either in fee or a lesser intersst for the purpose 
of preempting development which would de adversely 
tmpacted by traffic notas and for other notae 
abatement purposes. } 


Control of Accssa = the condition where the right 

OF owners or occupants of abutting land or other 
persons to acceaes, tight, atr, or view tn connection 
with a highway ta fully or partially controlled by 
public aushortty. nie 


(1) Full control.of access means that tke 
authortty to control agoceas ta e=ercisecd 
to give preference to through traffic dy 
providing access connectiona uttk aelected 
publie roads only and by proktbiting crossings 
at grade or direct prtvata driveway connections. 


{2) Parttal controt of aecesa means that the 
authority to control acesss ta exercised to 
give preference to through traffic excapt 
that, tn addttion to access connections with 
salectesd public roads, there may be some 


crossings at grade and some private driveway 
connections. 


(3) Uncontrolled access means that the authority 
having jurtisdiatton over a hignuay, satrest, 
or road does not limtt the number of points 
of tngress or egreaa ezcept through the 
ezeretas of control over the placement and 
the geometries of connections az necessary 
for the safety of the traveling pudlic. 


Date of Publica Knowledge of a Proposed Highway 
Project - the date that the highway agency offtetally 
notrefres the pudltic of the adoptton of the location 
of @ proposed highway project. : 


Appendix 
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Transmittal 192, May 14, 1976 Sec. 
d. 


ee. 


t. 


mM. 


Destgqn Notse Lavela - the notse levels establisked 
by thts direccive for yartougs aettutties om land 
uses which represent the upper limit of acceptadle 


traffic norvss level conditions. Thess levels are 
,used to dstermins the degrees of impact of traffic 


. morse on human acttvities. 


Design Year <- the future year used to estinates the . 
prooadlts traffic volume for whitch a highway ta 
designed. A time 10 to 30 years from the start 

of construction ta usually used. : 


Szisting Notae Levels - the noise, made up of alt 

the natural and manmade notees, considered to be 
usually present (untque notse events may be ezatuded) 
wtthin a@ particular area's acousttecl enutronment. 


Highway Section - a finite length of highway proposed 
for developmens dbetugen logical termint (population 
centers, major trayfte generators, major croasroads, 


ete.) aa normally included in « location study or 
mulétyear highway tmprovement prograr. 


Lig - the sound tavel that ta exceeded 10 percent 
of the time (the 90th percentile) for the pertod 
under constderation. This value ta an tndtcator 
of both the magnitude and frequency of cccurrence 
of the loudest notse events. 


Lig fh) 


49 - the sound level that ta excesded 90 percent 


of thea time (the 10th percentile) for the period 
under constderatton. 


beg - the equivalent steady state sound level which 
twa a stated pertod of tims vould contain the sane 
acoustic energy as the time-varying sound level 
during the sane time period. 


- the hourly value of L709, 


Legh) _. the hourly value of Leg. 


Level of Services C - traffic conditions (used and 
esertvbed tn the adtghway Capactty Manual - Ftghway © 
Research Board, Spectal Report 87, 19865) where speed 
and maneuverability are closely controlled by high 


votumea, and where drivers ars restricted in their 
freedom to aglect speed, changs lanes, or pass. 
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Federal-Aid Highway Program Manual — Volue7, *Ch omy 
Transmittal 192; *May*t4yrig976 ‘ Sec.i 


n. Location Apvroval - the approval whith estadlishes 
the general location for @ highway section based 
upon a location study report (in accordance urtth 
PEPM 7-7-5) or the adoption of a final environ 
mental impact statement or negattue declaration 
(where the highway agency kas tmplemented paragraph 
115(7) and (8) of the Process Guidelines<--73PM 7-7-1). 


0. HMatropolitan Planning Organtaation - the organisation, 
destgnatea by the Governor, aa being responsible, 
together with the State, for carrying outs the provi- 
stona of 23 U.S.C. 134, asa required dy 33 U.S.C. 
10¢(f) (3), and capable of meeting the requirements 
of 49 U.S.C. 1é03fa). 


p. Hotse Level = the sound level cbtained through use. 
Of Ajqwerghting charactertatics specified by the . 
Amertocan Wattonal Standards Inatttute (ANSI) 
Standard S1.4-1971. fhe untt of meaaure ts the 
deatbel (dB), commonly referred to as dBA when 
A-ustghting ta used. 


q.' Hotse Standards - the highway traffic notse studies, 
notae abatement procedures, coordination requirements, 
and design notes levels in this directtue. ) 


Pr. Ovnerating Speed - the highest overalt speed at which 
@ advtver can travel on a gtven highway under 
favorable weather conditions and under prevailing 
trayfie condtttons, wtthout at any time exceeding 
the safe speed as determined by the design speed on 
a sectton-by-secttion basta. | : 


@. Parttal Notse Abatement Measures - measures taken to 
reduce the noves ~mpact but not to a level below 
the destgn noise levels. 


t Project Development - actions descrtbed in State 
aGetton plans developed pursuant to PHPM 7-7-1 
(Procesa Guidelines), and specific studies, surveys, 
coordination, reviews, approvals, and other activities 
and steps normally engaged tn to determine the location, 
to perform the design, and to prepare the plans, 
spectfications and gatimates for a highway project. 


Ue wee Notee Impacta -.impacta whtch occur when the 
predtcted traffra novae lavels approach or esceed the 
daatgn notses levels, or when the predicted traffic 


notse levels substantially ezesed the extating 
notse levels. 


uv. Truck - cny motor vehicle (including buses) having 
@ gross vehicle wetghe greater than 10,000 pounds. 
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w. Type ITA Project - « proposed Federal or Federaleaid 
ec progect for construction or reconstruction 
of a@ section of Rkighway (or portion thersof) which 
has either partial or full control of access and 

. for whtok the htghuay lonatton ts approved after 
July 1, 1973, ov the authorization to advertise for 
bids for the major grade and drain elements tia given 
| after July 1, 1978. Projects unrelated to traffic 
notse such aa lighting, stgning, landscaping, 
safety, etc., are not cons~dered construction or 
reconstruction of a highway section. 


z=. Type I3 Project - g proposed Federal or Federal-aitd 
te ehoay project for construction or reconstruction 
of @ section of highway (or portion tkereof) on. 
whteh the access is uncontrolled and for which the 
highway ltocatton ts approved after July 1, 1972, or 
authortsatton to advertise for bids for the major 
grade and dratn elements ts gtven after July 1, 1976, 


y. Type IT Project - « proposed Federal or Federal-aid 
highway project for notss abatement on. an existing ~ 
highuay (located on a Federaleaid system) which does 
not tnolude construction or reconatruction of « 
htghuay sectton (or portton thereof). 


3. Undeveloved Lands - those tracts of land or portions 
taereof waren do not contain improvementa or activi- 
ttes devoted to frequent human habttattion or use 
(including low denarty recreational use), and for 
wh~ch auch improvements or aoettuttties are unplonned 
and not programed. 


S. RETROACTIVITY 


The requirements of thia dtructtue are not retroactive. 
Approval acttonsa taken prior to the effective date of 

thia dtrecttue, in conformance with Poltcy and Procedure 
Memorandums 90-2 dated April 26, 1972, subject: Interin 

Yotss Standards and Procedures for Implementing Section 

LO9(t) Trtle 33, U.S.C., and February 8, 1973, Subject: 

Hotae Standards and Procedures; and FAPM 7-7eS-1]1 dated 

Pebruary 20, 1974, skall rematn tin effect. 


6. APPLICABILITY : 


@. Type Id Projects (Partial and full control of aecess) - 
all requirements of thta dtrecttve (FHPH 7-7-3) apply 
to all Type IA projects unless tt ta spectfically 
tndtcated that a paragraph applies only to Type IT 
projects. 
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Transmittal 192, May 14, 1976 _ Sec. 3 


b. 


Type I3 Projects (Uncontrolled aecess) - all 
requirements of shta directtve (FHPM 7-7-3), utthk 
the exceptton of paragraphs 75(6) and 9, apply to 
ali IB projects unless tt ta specifically indicated 
that a pawagraph applies only to Type II projects. 


Type It Projects (Spectfreally for notse abatement) - 
the development and implementation of Type It 

projects ane not mandatory requirements of 23 U.S.C. 
109(t) and are therefore not requirements of this 
directive. When Type II projects are proposed for 
Federal-aid highway fund pareictpation (at the option 
of the highway agency) the provtsatons of paragraphs 7d, 
@, 12a, ec, d, @, and 13 of thta directive ahall apply. 


Type IA, I8, and IIT Projects - the plans and spectfi- 
cattons for Type IA, I3, and II projects akali not be 
approved by FHWA unless: 


(1) the notse study report kas been concurred in 
by FHWA, and 


(2) the project has been daveloped in accordance 
utth the requirements of this directive. 


Type IA Projecta - tn additton to the requirements | ) 
of paragraph 6d, the plans and spectficattona for 

Type IA projects shall not be approved by FHWA 

unless: 


(1) notse abatement measures are incorporated to 
attain reducttons to or delow the design notee 
tevelsa for those activtttes and land uses where 


predicted noise levels exceed the destgn notse 
levels tn Frgure g-1, or 


(2) partial notse abatement meaaures are tncorporated, 
where feastble, and exceptions to the destgn notse 
tevels have been approved by FPAWA where the design 
notse levels cannot be reasonably achieved. 


Type IB Projects - tn additton to the requirements of 
paragraph 6d, the plans and spectfications for Type Ia 
projects shall not be approved by FEWA unless the 
nmotse abatement measures tdenttified as feastble (as 
determined by the analysts tn paragrapnr 7b(5)) have 


been tncorporated in the plans and spectficattions for 
Type I projects. 
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Vol. 7, Ch..7 


Jen 


ANALYSIS OF TRAFFIC NOTSE IMPACTS AND ABATEMENT MEASURES 


ae 


b. 


In type IA and IB project development, the highway 
agency akall detvermine and analyze expected traffic 
uotae tmpacta and determine the overall benefits 
which can be aohteved dy, rnotse abatement necsures 


to mitigate these tmpacts, gtuing vetght to any 


‘adverss soctal, economic, and envutronmental 


effects. The level of analysts may vary from sinple 
calculations for rural and low volume highways to 


eztenstve analyots for high volume controlled 
acoesa highways tm uxdan areas. 


The traffic notvsg analyates shall be conducted in 


the followtzg manner: 


(2) Ident exztating activities or land uses 






tghuay section. 


(2) Predtct tha traffice notse levels — each 
alternative under datarled study (tnaoludeng 


the "do nothing” alternative). Stepa 3 
through @ of the traffic notes analysia 
may be eliminated tf tt ta analytically | 


determined (in accordance with steps 1 and 2) 


that aotivtties or developed land uses are 
not suffictently close to the proposed 


highway tmprovement to be aduerecly affected 


by traffic notese. 


(3) Measure the gsiating noise levels for existing 
Gettvutttes or devatope and uses. Heasuree 
menta may not be necessary Where tt ts clear 


that the exztsting levels are predominantly 
from the highway being tmproved and can be 


sattsfactortly satimated using approved noise 


prediction methods. The purpose of thers 
notee level information ts to quantify the 


existing acoustic environment and to provide 
a base for aasessing the impact of noise Level 
or Lio) used 


tnereases. The descriptors (Ly 
to quanttfy theses measurements Shalt ae 


constatent with the descriptors used for the 
predicted levels and the design noise Levels 
tn Figure S-1. Measurement ayatems skall, aa 
@ Minimum, meet the requtrements for Type 2 


instruments as spectfisd in ANSI Standard 
SI. 4-1971., 


V2 


2 oY 


Dea) ae te ool 


air 
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Compars the predicted traffic notse lavela for 
eacn alternative undar datatled study with the 
gzisting nowse Ltevela and with the dasitgn notae 
levels tn Pigure 3-1. Tkhts compartson shate 
GbaO0 vieludce pre 


toted traffic notae levels 
for the "do nothing” alternative in the design 
year. Such tnformatton shall bs used primarily 
to describe the notas impact of proposed high- 
way improvements tn contrast. with noise Levela 
tixely to bs reached in the same area tf no 
highway tmprovement ta undertaken. Hoise 


‘4apacts can be expected when the predicted 


traffic notae levels (for the destgn year) 
approach or exceed the design noise levels in 
Pigure 3-1, or when the predicted traffic 
notse levels are substantially higher than 
the eztating notse levels, The compartaon 
between predicted traffic noise levels for 
the proposed action and the "do nothing” 
alternative (for the destgn year) may be uaed 
tn the constderatton of exceptions to the 
design notae levels. 


RPoamine and svaluate alternative notiae 
abatement measures for Teducting or eliminating 


SAS NOLSs tMDACt on BerstinAd actrvr~ttr1as3 
developed tandsa; and undeveloped lands for 
WRLC Bua lLODManet 123 anmne g3atgne an 
rogramed. TAtrs a ee shalt include a 
thorough consideration of traffic management 
measures (8.g., prohktdttton of certain vehicle 
types, time use restrictions for certain . 
vehicle typsa, modified speed limita, szclusive 
lane designations, traffic control devices or 
combinations of such meaaures). Pederal teaw 
requires a determination that noise abatement 
measures needed to implement the notes standards 
have been tncorporated into project plans and 
spectfications before they are approved. 
Because dectstons on notss acbhatement are prereq- 
utettes to determining enutronmental impacts, 
and because these tmpactsa influence decisions 
on adoption of a highway tocation, it ta 
tmportant that a preliminary determination be 
made. 8efore adoption of a highway location, 
the highway agency shall tdentify: 


(aj notes abatement measures which are likely 
to be tncorporated in the project, and 


t3z avatlable. 


_— 


(O) notee impacts for whitch no apparent solution 
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(6) Identify for Tycs IA projects those tengths 
peo i highway (aeparately for each atde of the 
~ghuay) and those individual tand uses where 
notse abatement measures apoger iwmoracttcanle 
Or mot orudent and wnicnk may oualtfu under the 


: @scenvtton procedures (paragrapnz ga and oO), 


ec. Upon completion of the notse analysta for Type IA 
or I3 projects, the highway cgency ahkall prepare 
@ notse study report for FAWA concurrence. 






(2) The notse study report shall include the following: 


(a) detailed noise analysia and evaluation 
information (paragraph 7d), 


(b) proposed notae abatement measures 
tneluding descriptive informatton which 
portrays thetr design details, anttctpated 
effecttveness tn relation to the design 
notse tevels (paragraph 8) and/or eztisting 
notse levels and estimated costa and 
benefits, 


(co) requests for exceptions to the design 
) notse levels and supporting ~wnformatton 
as required and outlined tin paragraph 9 
(Type IA projecta only), 


(d) dtecugstion of constructton notae analysia 
tnformatton, as requtred tn paragrapn JJ, 
tneluding proposed contract provisions to 
minimize or eliminate adverse construction 
notsee impacts, and 


(a) dtscusstion and documentation of sccordinatton 
with local officials as required in para- 
graph 10, 


(2) The notse study report may be tn preparation 
throughout the project development process but 
shall be concluded prtor to approval of the 
plans and spectficattons. Preliminary verstons 

of the report shall be prepared es necessary for 
environmental statements and for input to 

| dectstons on agelecting a highway loectton. 

| Depending on the scope and timeliness of a 
complete notae report, vartous sections of the 
report euch as notse impact evaluations, proposed 

notse abatement measures, noise gzceeption 

requesta, etce., may be processed separately and 

tneluded tn the final report. 
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(3) #F8WA concurrence in the notes atudy report 
shall constitute tts approval of all requested 
ezesptions to the destgn notes Levels contained 
theretn and approval of proposed abatement 
mMeagures contained therein. 


d. tghuay agenctes proposing to use Pederal-aid 
_highuay funds for Type II projects skall perform 
@ notse analysta similar to that descrtbed in 
paragraph 75 and skall prepares a notss report with 
recommendations. Thia noise report akall indicate 
and descrtbe the notes impacts that have been 
tdentified for these type projects. The design 
notee levels in Figure S-1 are a suttadle yardatick 
for thts determination. - 


e. In requesting Pederal construction funding for 2 
Type II project, the highway agency shall indicate 
the nature of the proposed Type IT project and the 
relative prtortty wtth other potential Type IIT 
projects tn the State. Some of the suggested 
factors which may be constdered in the development 
of this relattue priority are: 

(1) apptlicadle Stats tay, . 

(2) type of development co db6 protected, ‘ | ) 
(3) magnitude of the traffic noise impact, 
(4) cost - benefits, 

(S) population denstty of the effected area, 
(8) dayentght use of the property, 


(7) feastbility and practtcability of notse 
abatement at the stte, 


(8) availability of funds, 
(9) eztating notse levels, 
(10) acktevadle notae Relation 
“(11)  intrustveness-of highway noise (L149 - Logg), 
(12) public's attitude, 


(13) toeal governments' efforts to control land 
use adjacent to the highway, 


(14) date of construction of adjoining development, 


10 
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(15) <tnereaee in traffic notse since the developments 
Wes conatructed, 


(26) tocal notse ordinances, 


(a7) feaatdtlity of abating the noise with treffie 
. control measures. 


8. DESIGN NOTSE LEVELS 


Ge 


The design notes levels in Pigure 3-1 represent a 
balancing of that whitch may be destrable and that 
whieh may ba achievable. Consequently, notse 
tmpacta can occur even though the design notse 
tevels are achieved. The destgn notee levels for 
Categortssa A, 3, C, and & should be viewed as 
maztmum values, recognising that in many cases, 
the achtevement of tower notsas levels would result 
tn even greater dbeneftts to the community. Every 
reagonable effort snall de taken to achieve 
substantial notee reducttons when predicted notse 
Levela exceed these destgn notse levels. However, 
any stgntftcant reduction tn the extating or 
predtcted notse level will be a benefit, and partial 
notae abatement medaures shall be included in the 
project development wheres they are consistent with 
overall soctal, economte, and environmental 
conatderattons. On the other hand, the adverse 
soctal, economic, and envtronmental effects of 
providing abatement measures may be too high. Por 
each case where the ctreumstances warrant, this 
dtirecttus proutdss for FAWA approval of exceptions 
to the deatgn notse Levels for Type IA projects. 


Bsesptions ave not required for Type I8 and Type IT 
projecta. 


The destgn notse Levels are to be applied to: 


(1) those undeveloped ltands for which development 
ts planned, designed, and programed on the 
dats of publte knowledges of the highway 
‘project, 


(2) thoas acttuvities and land uses tn existence 
on the date of public knowledge of the highuay 
project, F 
(3) areas whteh have regular human use and tn 
which @ lLowsred notse Level would be of 
benefit. Suehk apeca would not normally 
-tneolude servtce stations, junkyards, industrial 
areas, ratlroad yards, parking lots, storage 


i 


ewer em . -: 


if, 
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yards, and the unused open space portions of 
other Gevelopments and facilities. Design 
notse levels should, however, be epplied to 
those parks and recreational areas or portions 
thereof where serentty and quiet are considered 
essential even though suck areas may not de 
subject to frequent human use, and 


(4) those places within the aphere of human 
acttutty (at approsimately ear-level height) 
where acttutties actually occur. The values 
do not apply to an entire tract upon whitch — 
an acttutty ts based, but only to that portion 
on whtch suck aettutty normally occurs. 


The tntertor destgn noise levels in Category & 
apply to: 


(2) tndoor acttutttes for those parcels where no 
eztertor notse sensitive land use or activisy 
ts tdenttfied, and 


(2) those sttuattons wheres the satertor zcstutties 
on a@ tract are etther remote from the highway 
or ahtalded in some manner so that the exterior 
acttutties will not be stgnificantly affected 
by the notse, but the intertor activutttes will. 


The tntertor destgn notse levels in Category F may 
be considered as a basts for notse insulation of 
public use tnstttuttonal structures tn special 
attuattons when, tin the judgment of the highway 
agency and concurred in by the FAWA, such constd- 
eratton ts itn the best publtc interest. 


Intertor motse level predictions may be computed 
by subtracting from the predicted extsrtor levels 
the notae reductton factors for the butlding tnx 
question. If freld measurements of these notse 
reduction factors are obtainad, (or tf the factors 
ave calculated from detatled acoustical analyses) 
the measured for calculated) values shalt be used. 


(1) In the absence of such cealeulations or field 


measurements, the notse reductton factors 
may be obtained from the followtng table: 


2) 
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Notas Reduction 
Due to Sstertor 
of tke 
But iding. TypesmNtacou Sond cen eee ces 
Alt , Open es 1g dB 
Light Prame Ordinary Sask (closed) 20 
Storm Windows 35 
Haszonry ” Single Glazed 3s 
Masonry Double Glazed 3s 
(3) The windows shall be constdered open unteas 
there ts firm knowledge that the windows are 
tn fact kept closed almost everu day of the 
year. 
(3) Situations where open window pertods da not 
cotnctds with a kigh traffic noise level may 
qualify as a closed window condition. In . 
such instances, the opttonal noias prediction . 
procedures in pavagraph Ide shall de used. ) 
9. PROCEDURE FOR REQUESTING EXCEPTIONS TO THE ACHIEVEMENT 


EB UE 5 r iS 





a. There may be sttuations along Type IA highway .- i 
projects where the predteted notse levels szceed 
the deatgn notse Levels and the adverse social, 
economic, and environmental effects of notes 
abatement measures are consatdered to exceed the 
abatement benefits. If thta condition ts sapected 
to cecur, the notse analysts shall include evaluae- 
tions of adverse effects and the benefits of full 
and parttal reductions of the predicted noise 
tevels. : 


b. The highway agency may requeat an exception to the, 
achievement of the spectfied destgn notse lLevela 
for Type IA projects where tt can be demonstrated 
that the adverse effects esceed the overall benefits. 
To request an exception, the htghway agency ahall 
provide tn the notae atudy report required dy 
paragraph 7c the results of the, following: 


(2) Identtficatton of the tndtvidual notae 
genatttve acttutttes or groups of cettiuities 
(tneluding the number of persons affected) 
along the secttonsa of highway whicn are D 


14 





Appendix 


Federal-Aid Highway Program Manual Vod sS784 Chet 77 
Transmittal 192, May 14, 1976 , Sec. 


subjected to extsting traffic noise lLevela, 
or ars expected to be subjected to future 
traffic notae levela, in excess of design 
levels. 


(2) An examination of the overall benefits and 
adverse affects of partial notss abatement 
Measures. 


(3) <A wetghing of the overall beneftts whieh 
can be achieved by the notes abatement 
measures agatnst any adverse effects and 
other conflicting. values such az economic 
reasonableness, air quality, highway safety, 
adjacent nert~ghborkood desires about esthetic 
tmpact (and other destres), om other similar 
values. Such wetghing shall estadlish that 
meaaurgs for reduction of notse levels toa 
move destrabdls levels for that particular 
activity, land use, or groups of activities 
ave not tn the best overall public interest. 
A princtpal factor in this ustghing snail be 
the concern for public health, pudlic welfare, 
and the quality of life. These decisions 
muses ultimately b¢ baaed upon case-by-case 
determinattons. However, every effort shall 
be made to obtain detatled information on 
the costs, benefttsa, and effects involved 
to assure that final dectistons utilize a 
syatematte and factually based assessment. 


(4) Recommendations for incorporation in the 
project plans and spectfications of the 
partial notse abatement measures determined 
to have benefits consistent with adverse 
effects. 


Fzception approvals skall not be granted without 
a@ showtng that all reasonable options for notse 
veductton (szcluding measures provided by para- 
graph J26) have been explored and that the 
partial notse abatement measures recommended 
provide the greatest attainable notse reductions 
conststent urtth the overall public interest. 


In most cases, ezcepttons will de approved when 
the predicted trafftc notse Level from the highuay 
project ts less than the existing notee level 
(optginating from sources other than the htghuay 
being tmproved or veplaced) for the acttutty or 
land use tn question. In these tnstancesa, there 
should be a reasonable expectation tnavt the notse 
from the cther sources will not be significantly 
reduced tn the future, 


1S 


ie: 
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10. POLICIES FOR COORDINATION WITH LOCAL OFFICIALS 


Pursuant to thts dirsctive, FHPM 7-7-1 (Process 
Guidelinsa), and FPHPM 7e7-5 (Public Xsaring and 
Location/Destgn Approval) highucy agenctes kave the 
Pesponstbility for taking measures that are prudent 
and feastole to assures that the location and design 
of highways ave compattdle with sststing and planned 
land uses. Local governments have responstdility 
for tand development control and soning. adighway 
agencies can be of constderablse assistance to 

loead officials in promating compatidclity detwuesn 
land development and highways. Therefore, for-sack 
Type IA and I3 project, highway agenctes ehali 
cooperate with metropolitan planning organizations 
and wttk local offietals (within whose jurisdiction 
the highway project ta located) by furnishing: 


@. a@pprozimate generalized future noise levels (for 
vartous distances from the highway tmprovement) 
for both developed and undeveloped lands on ae te: 
properties in the tmmedtate vicinity of the project, 4 


oe information ,that may be useful to local. communities 
to protect futures land development from becoming oa 
pinched waked liabees ECE LT Ler scntct notes Levels, ) 
a N Me 


e. the PEWA policy regarding land use development or 
changes which ard@ initiated ‘afzer tsauance of this 
trecttue (as descrtbed*in paragraph 12c(3)). . rae 


1l. NOISE ABATEMENT MEASURES FOR LANDS WHICH ARE UNDEVELOPED 
ON THE DATE OF PUBLIC KNOWLEDGE OF THE PROPOSco HIGHWAY 


fe} 
PROJECT cy su ee SRLS ho gh cea Te a eR 


a. Hotes abatement measures ave not required for lands 
whick are undeveloped on the date of public knowledges 


of the proposed highway project (except as provided 
tn paragraph 11d)... 


b. ‘Yor lands which are undeveloped on the date of 
- publte knowledge of tha highway project, the highway 
agency should treat the acttutty or tand use.ae 
developed jand in the following situations; 


(1) the development was planned, destgned, and 
: prograned before thé htghway studies and there 
: ts firm evidence that the development has been 
only temporartly delayed, or : 
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Ce 


(2) the development ta planned, designed, and 
programed during the highway project planning 
and destgn; there ts a very high probability 
of the development being constructed; and the 
developer has constdered the notss impacts to 
the extent reasonable and practicable. 


A htghway agency may request FPederal-aid participa~- 
tton tin the coat of providing notse abatement 
measures for undeveloped lands along Type IA and 

I3 projects when the notse analysis demonstrates 

a need in the following sttuations: 


(1) development occurs between the date of pudlic 
knouledge of the proposed highway project and 
the actual construction of the project, or 


(2) the probability of development occurring 
wethin @ few years ta very high and a atrong 
case can ba made in favor of providing nocasg 
abatement measures as part of the htighuay 
project based on consideration of need, 
expected tong term benefits to tre rudlic 
interest, and the difficulty and tncereaaed 
cost of later tncorporating abatement meaaurea 
tuto etther the highway or the developments. 


12. FEDERAL PARTICIPATION 


ae 


Ganeral. Pederal funds may be used for notse 
abatement meaeaures tn those situations where: 


(1) «@ traffie notse impact has been identified, 


(2) the notes abatement measures will reduce 
the notse tmpact, and 


(3) the overall notse abatement benefits are 
determined to outwet~gh the overall adverse 
goetal, economics, and environmental effects 
of the notse abatement measures. 


Type IA and I8 Projects. The following notize abate- 
ment Meaaures May be ~wncorporared wn Type IA and | 
I8 projects to reduce highway-generated notse impacts 
and the costs of suck measures may be tneluded tn 
Fedseraleatd partictpating project costs: 


(1). traffic management measurss (¢.g., traffte 
control devtess and signing for prohtbttton 
of certatn vehicle types, time use restrictions 
for certatn vehicle types, modtfted speed limita, 
and exzelustve lane destgnattons), 
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(2) alterations of horizontal and verticat 
atignunents, re 


(3) aequtatition of property rights (either in 
fee ov leaser tnterest) for installation or 
congtruction of notse abatement barriers or 
devices, — 


(4) tnrataltation or construction of notse barriers 
or devices fineluding landscaping for esthetic 
pursosss) whether within or outatde the highuay. 
right-of-way, and 


(S] acquisition of real property or interests 

therein (predominantly untaproved property) 
to serve as a buffer sone to preempt develop- 
ment whtck would be adveragly tmpacted by 
traffic notue and for other notse abatement 
purposes. dAcqutsttion of a few improved 
parcels may ba included in suck buffer zone 
aequtatttons to provide a untform treatment. 
In quthortsing any buffer zone acquisition; 
consideration shall be given to the needs and | 
desires of the community, the demonstrated 
efforts of the community to implement effective 
tand use control for compatibility, and tke 
overall public interest. It ts preferred 
that buffer zone acquisttton be performed in 
conjgunetion wtth local zoning, land use 
controls, or otker local government controle | 
tmposed or ezerctsed tn accordance with 2 
comprehenatve plan. Buffer zones shall de 
obtained by acqutsttion of the least real 
property interest practicable that t3 suffi- 
stent to prevent tncompattdle uses of adversely 
impacted tands while permitting uses compatidle 
with the kighway environment (e.g., negative - 
easements that restrict grantors' use). In 
esrtain cases tt may de necessary to aequire 
eddzttional right-ofeucy tz fee simple with the 
intent to dtapose of excess interssts ina 

- Manner compatible with the highway environment. 
_Proposals of this kind shall be submitted to 
PEWA for prior approval. Any conveyance of 
ezcess right-of-way ahall be- tin accordance 
wtth paragraph 7c of PEHPM 7-4-2. 


Qe svoenrr Projects ; ; .- 


(1) The Pederal snare for notse abatement meceures 
on Type II projects shall be the sane as that 
Jor t1s Pederal-aid system on vhich the vroject 
ts located. For Type II projects on the 
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Interstate System (ineluding completed - 
secttons), the Federal share shall be from 
Pederaleatd Interstates funds. 


(2) For Type IIT projects, noise abatement measures 
welt not normally be approved for those active 
: tttes and land uses which come into existence 
after the effective date of this directive. 
However, notae cbatement mecaurss may be 
employed to protect activities and land uses 
_ whitch come tnto extatence after the effective 
date provided tocal cuthortties have taken 
measures to exercise land use control over 
the remaining undeveloped lands adjacent to 
highways tn the local jurisdiction to prevent 
further development of tncompatidle activities. 


(3) The following notse abatement measures may be 
incorporated tn Type II projects to reduce 
htghway-genercted notse tinpacta and the 
costs of suck measures may be included in 
Federal-atd partictpating project costs: 

\ 


(a) aaquisttion of property rights (etther 
tn fee or lesser intersst) for tnstallattion 
or construction of notse abatement barriers 
or devices, 


(db) installation or construction of noise 
barriers or devices (including landscaping 
for esthetr~c purposes) whether within or 
outstids the highway right-eofeuay, and 


fe) traffic management measures (e.9., traffic 
control devices and signing for proktdttion 
of certain vehticre types, time use restric- 
ttona for certain vehicle types, modified 
speed limits, exclustue land designations, 
traffic control devices, or combinations 
of suck measures). 


Hotae Insulation. In some specific cases, there 

may oe compelling reasons to consider meaaures to 
notaée tnaulate structures. Sttuations of this kind 
may be aconatdered on @ case-by-case basis for Type IA, 
I8, and IIT projects when they tnvolve such pudblte 

uge or nonprofit inatttutional structures as schools, 
churches, ltdraries, hoapitals, and auditoriums. 
Proposals of this type, together wtth the Stave's 
recommendation, shall be aubmttted to PEWA for prior 
approval aectton. 


a 
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13. 


14. 


@. Other Abatement Measures. There may be situations 
wherd. ° ts" «82. Leen ee . $ 


WRI? 


(1) especially severe traffic noise impacts estat 
Oo? ave expected, and ~ ; 


"(2) the abatement measures listed above are prys~ 


toally infeastdie or economically unvecsonadle. 


In these tnstancss, notse adatenent measures other 
than those liated in paragraph I3bed may bs proposed 
ov Types IA, IB, and IT projects dy the State 
tghway agency and approved by the Regtonal Pederal © 
Highway Admintatrator on a@ case-by-case dasts when 
the conditions of paragraph 12a have been met. 


CONSTRUCTION NOISE 


The following general steps are to be performed for 


date of this directive. 


atl Type Id, I8, and IIT projects after the effective 


ae 


Identify land uses or activities which may be 
affected by notae from construction of the highway. 
fhe identtfication ta to be performed during the 
project development studies. ‘ 


Determine the meaaures which are needed in the 
contract plana and spectficattons to minimize or 
eliminates adverse construction notae impacts to the 
communtty. This determinatton shall inciude-a 
wertghing of the benefits achieved and the overall 
adverse soctal, economic and envtronmentacl effects 
of the abatement measures. 


Incorporate the needed abatement measures in the 
contract plans and spectftcations. 


TRAFFIC NOISE LEVEL PREDICTIUN METHODS 


Ge 


Predicted noise levels to be used in assessing 
notse tmpacts shall be obtained from a prediction 
method approved by FHWA. 


The prediction method and the notse level predictions 


shall account for vartattions ta: 


(1) traffte characteristics (volume, speed, and 
truck traffic), 


(2) topography (vegetation, barriers, height, 
and distance), and 
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(3) voaduay characteristics (configuration and 
grades), 


The novse predtcttan method contained in National 
Cooperative Highway Research Program (NCHRP) Report 
117 as modified in NCHRP Report 144; the Barrier 
Yomograph (form PEWA 1443); and tre mathod contained 
tn Department of Transportation, Transportation 
Systems Center Report DOT-TSC-FHWA-72-1 are approved 
for use. Other notse prediction methods or variations 
of the above, together with supporting and validation 
tnformatton, shall be furntshed to the PAWA Office 
of Enutronmental Poltsy for approval prtor to their 
use. 


In predicting notse levels and casessing noise 
tmpacts the following traffic character*stics 
anall be used: 


(1) Automotive volume - the future volume (reduces 
for truck traffic) obtained from the lesser 
of the design hourly volume or the mestmum 
volume which can be handled undar traffte level 
of service C condisions. . For automodtles, 
tevel of service C ts considered to be the 
combination of speed and volume which creates 
the worst notae conditions. The average hourly 
volume for the highest 3 hours on an average 
day for the design year may be used for those 
highway sections where the destgn hourly volume 
or the Level of service C condition ts not 
anttvctpated to occur on a regular basta during 
the destgn year. 


(2) Speed =- the operating speed whtch corresponds 
with the destgn year traffic velure selected 
tn paragraph Ildd(1) and the truck traffic 
predicted from paragraph I14d(3), The operating 
speed must d¢ consistent with the velure used. 


(3) Truck volume - the destgn hourly truck volume 
shall be used for those cases where etther the 
destgn hourly volume or levet of service C was 
used for the-automobtle volume. Where the average 
hourly volume for the highest 3 hours on an | 
average day was used for automedtle traffic, 
comparable truck volumes should be used. 


Ag an alternattve to paragraph Idd, she rkighucy 
agency may select traffte characteristics ta 
correspond with the crttisal times c% day and night 
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which will cxesate the most cduerse ¢ 

iapacts upon the nearby aovtvities pach daha 

When suck alternative traffic characteristics are 

used. ee S0¢ Gur) phe thet Yl of such alternative 
tstics 8 e:tneol 

pene report. uded in the noise 
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PART 4 - NOISE ANALYSIS CONSTDERATIONS 
SECTION 1 =- FHWA STANDARDS 
Prepared by: Environmental Analysis Section 
Taguance: July 1, 1976 Effective: May 24, 1976 


ABSTRACT 


This IPDG promulgates and describes the revised policies and procedures for 
noise studies pursuant to Section 136(b) of the Federal-Aid Highway Act of 1970 
and Section 114 of the Federal-Aid Highway Act of 1973 in the form of final 
tegulacions. These regulations are designed to establish comprehensive policies 
and procedures for dealing with the abatement of highway trarfic noise and 
nighway-related construction noise. The regulations describe procedures which 
must be uged in the identification and analysis of noise impacts from proposed 
highway improvements on any Yederal-aid highway system as well as the required 


examination of measures to mitigate noise impacts and incorporation of feasible 
mitigation measurag into all new highway projects. 


In addition to the complete revised Federal directive (FHPM 7-7-3, origizally 
igsued as FFM 90-2), these guidelines contain a "Readers Digest" condensed aad 
vreotganized version of the directive that should be more easily understood by 
the user. This abridgement contains all the essential items of policy and 

procedure arranged in an expanded outline format with appropriate explanatory 


material. Thus it can serve a3 4a general guide and a detailed checklise for 
the preparation of Notse Study Reports. 


NEW YORK STATE OEFARTMENT OF TRANSPORTATION 
RAYMONOT SCHULER, Cumniussimuner 
State Ce, ¢, Albany New York 12222 
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Noise Measurément 


SUMMARY ; 


The purpose of this document ts tuo revise current policies and procedures 

concerning noise standards for use in the planning and design of new hixh- 

way projects and to incorporate measures for the control of traffic noise 
"en previously constructed highways on any of the Federal-aid systems. 


The regulations contain the following significant changes: 


1. 


Exceptions to. che design noise levels are no longer required for 
highway projects on which access is uncontrolled. However, plans 
for such projects must incorporate all feasible noise abatement 
measures, 


Compliance with the tegulations 1s required for all new projects 
for which the highway location {fs approved after July 1, 1972, or 
authorization to advertise for bids (1.e., ?.S.&Z. approval) is 
givea after July 1, 1976, 


An additional notse descriptor - the energy equivalent level (Leg)~ 
ts included for optional use, 


Certain general measures are required concerning construction noise, 
and . 


Federal funding policy is expanded to provide greater flexibility to 
the Regional Federal Highway Administrator in considering proposals 
to participate in extraordinary noise abatement measures where the 
noise impacts are especially severe and where more conventional 
abatement measures are unacceptable for soctal, economic, environ~ 
mental, or engineering design reasons. 
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NOISE STANDARDS 
The purpose of this directive its to promulgate: 


1. Policies and procedures for noise studies, 

2. Policies and procedures for noise abatement measures, 
3. Design noise levels, and 

4. Requirements for coordination with ‘local officials. 


These four items constitute the noise standards mandated by Federal law. 
All highway projects which are developed in conformance with then shall 
be deemed in conformance with the FHWA noise standards. ° 


NOTSZ STUDY RZPORT 


As part of the project development process, the expected traffic noise 
impacts shall be determined and analyzed. The level of analysis may vary 
from simple calculations for rural and low volume highways to extensive 
analysis for nigh volume controlled access highways in urban areas. Upon 
ecmpletion of the noise analysis, a noise study report shall be prepared 
for FHWA concurrence. It shall include the following sections: 


1. Detailed noise analysis and evaluation information,: 

2. Proposed noise abatement measures, 

3. Requests for exceptions to the design noise levels and sentare tne 
information, 

4. Discussion of construction noise analysis information iacluding 
propesed contract provisions to minimize or eliminate adverse 
impacts, anc 


5. Discussion aad documentation of coordination with local officials. 


FHWA concurrence in the noise study report shall constitute its approval 


of all requested exceptions to the design noise levels and of all proposed 
abatement ueasutes. 


NOTSZ ANALYSIS 


The detailed noise analysis and evaluation shall be conducted in the following 
manner: 


l. Identify existing activities or land uses which aay be affected by 
noise from the highway section. 


2. Predict the traffic noise levels for each alternacive under decaile?’ 
atudy including the "do nothing” alternative. (Note: the remainder 
of the analysis may be eliminated if ic 1s determined that the 
activities or developed land uses are not sufficiently close to the 
proposed-improvement to be adversely affected.) 
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5. 


6. 


PRZDICTION METHODS 


Noise Measurement ~ 


Measure the existing noise levels for existing activities or developed 
land uses. (Note: Measurements way noc be necessary where tc ts 
clear that the existing levels are predominantly from che highway 
being improved and can be satisfactorily estimated.) 


Compare the predicted traffic nolse levels for each alternative 
with the existing noise levels and with the design noise levels. 
Noise impacts can be expected when the predicted levels approach or 
exceed the design noise levels or when the predicted levels are 
substantially higher than the existing levels. 


Examine and evaluate alternative noise abatement measures for reducing 
or eliminating the noise impact on existing activities; developed 
lands; and undeveloped lands for which development is planned, designed 
aud programed. (Note: Because decisions on noise abatement are 
prerequisites to determining environmental impacts, and because these 
impacts influence decisions on adoption of a highway location, it its 
important that a preliminary determination be made.) Therefore, before 
aoption of a highway location, identification shall be made of: 


a. Noise abatement measures which are likely to be tncorporated 
in the project, and 


b. Noise impacts for which no apparent solution is available. 


Idencify for proposed Federal-aid projects to construct ot reconstruct 
a section of highway with either partial or full control of access 
those lengths of highway (separately for each side of the hichwav) 

aad those individual land uses where noise abatement measures appear 


impracticable or not prudent and which may qualify uoaee the exception 
procedures, 





Predicted noise levels to be used in assessing noise impacts shall be obtained 
from a prediction method approved by the FHWA. The noise prediction method 
contained in National: Cooperative Highway Research Program (NCHRP) Report 117 
ag modified in NCHRP Report 144; the Barrier Nomograph (Form FHWA 1443); and 
the method contained in U.S. Department of Transportation, Transportation 
Systems Center Report DOT-TSC-FHWA-72-1 are approved for use. In predicting 


noise levels and assessing noise impacts the following traffic characteristics 
shall be used: 


l. 


The future automobile volume obtained from the lesser of the design 


hourly volume (DEV) or the maximum volume which can be handled under 
level of service C conditions, 


"The Sesign hourly truck volume shall be used for those cases: where 


either the DEV or level of service C was used for the autonobile 
volume, and 
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3. The operating speed which corresponds and /s vonsiscent with che 
design year traffic volume selected. 


Traffic characteristics may be selected to correspond with the critical times 
of day or aight which will create the most adverse traffic noise impacts. 
DESIGN NOISE LEVELS 

The exterior design noise levels are to be applied to: 


1. Those activities and land uses in existence on the Bee of public 
knowledge of the highway project, 


pt Those undeveloped lands for which development is planned, designed, 
and programmed on the date of public knowledge of the highway projecr, 


3. Those places within the sphere of human activity where activities 
actually BESoE: and 


4, Ateas ae have regular human use and in which a lowered noise 
level would be of benefic. 


The interior design noise levels apply cto: 


1. Indoor activities for those parcels where no exterior noise sensitive 
land use or activizry is identified, and 


2. Those situacttons where the extertor activities are either remote 


from the highway or shielded in some manner so that the exterior 
activities will not be significantly affected by the noise. 


ABATEMENT MEASURES = DEVELOPED LANDS 





Federal funds may be used for noise abatement measures in those situations 
where: 


l. A tratfic nolse impact has been identified, 
2. The nolse abatement weasures will reduce the noise impact, and 
3. The overall noise abatement benefits are determined to outweigh 
the overall social, economic, and environmental effects of the 
noise abatement measures. 
The following noise abatement measures may be incorporated in proposed 


Pederal-aid projects to construct or reconstruct a section of highway | 
tn order to reduce traffic-generated noise impacts: 


at 
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Noise Measurement 


l. Traffic management measures such as: 


a. Prohibition of certain vehicle types, 

b. Time use restrictions for certain vehicle types, 
ec. Modified speed limits, . 

d. Traffic control devices and signing, and 

e. Exclusive lane designations, 


2. Alteracions of horizontal and verticle alignments, 


3.. Acquisition of property rights for iastallation or construction of 
noise abatement barriers or devices, 


4. .Installation or construction of noise barriers or devices (including 


landscaping for esthetic purposes) whether within or outside of the 
highway right-of-way, and 


5. Acquisition of property (predominantly unimproved) to serve as a buffer 
zone to preempt development which would be adversely impacted by traffic 
noise and for other noise abatement purposes. 


The following noise abatement measure projects may be incorporated on an 
existing highway located on a Federal-aid system which does not involve a 
construction or reconstruction of the highway section: 


l. Traffic management measures as listed above, 


2. Acquisition of property rights for installation or construction of 
noise abatement barriers or devices, and 


3. Installation or construction of noise barriers or devices (including 


landscaping for esthetic purposes) whether within or outside of the 
highway right-of-way. . 


In some specific cases there may be compelling reasons to consider measures 
to nolse insulate structures. Situations of this kind may be considered on . 
a case-by-case basis when they involve sich public use or non-profit insti- 
tutional structures as schools, churches, libraries, hospitals and auditoriums. 
There may be additional situations where noise avatement measures other than 
those listed uay be proposed and approved by the Regional Federal Highway 


Administration on a case-by-case basis when: 
1. Zapectally severe traffic noise impacts exist or are expected, and 


2. The abatement measures listed above are physically ifafeasible or 
economically unreasonable. 


ABATEMENT MPASURES - UNDEVELOPED LANDS 


Noise abatement weasureg are not required for lands which are undeveloped on 
the date of public knowledge of the proposed highway project. Undeveloped 
lands should, be treated as developed land in the following situations: 
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Ll. «Tite development was planned, designed, and programed before the 
highway studies but there is firm evidence thac the development 
has been only temporarily delayed, or 


2. The development is planned, designed, and programmed during the 
highway project planning and design; there is a very high probabiliry 
of the development being constructed; and the developer has con= 
sidered the noise impacts to the extent veasonable and practicable. 


Noise abatement measures may be requested: for undeveloped lands when the nolse 
analysis demonstrates a need in the following situations: 


l. Development occurs between the date of public knowledge of the 


proposed highway project and the actual construction of the 
project, or ; 


2. The probability of development occurring within a few years 13s 
very high and a strong case can be made ia favor of providing 
noise abatement measures as part of the highway project based on: 


a. Cansideration of need, 


b. Expected long-term benefits to the public interest, and 
¢. The difficulty and increased cose of incorporating the 
measures later. 


EXCEPTION REQUESTS 


An exception to the achievement af the specified design noise levels may be 
tequested for projects with either partial or full control of access where 
it can be demonstrated that the adverse effects exceed the overall benefits. 


To request an exception, the results of the following shall be provided in 
the notse study report: 


1. Identification of the individual noise sensitive activities or 
groups of activities including the number of persons affected 
along the sections of highway which are subjected to existing 
ov future traffic noise levels in excesa of design levels, 


2. An examination of the overall benefits and adverse effects of 
partial noise abatement measures, 


3. A weighting of the overall benefits against ah adverse effects 
and other conflicting values such as: 


a. Economic reasonableness, 
b. Adr qualiry,. 

c. Highway safety, 

d. EZathetic impact, 

@. WHeighborhood desires , and 
£. Other similar values, 


eo 
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Such weighting shall establish thac measures for reduction of noise 
levels to more desirable levels are noc in the best overall public 
interest. A principal factor in this weighting shall be the concern 
for public health, welfare, and the quality of life. Every effort 
shall be made to obtain detailed informacion on the costs, benefits, 
and effects involved to assure that final decisions utilize a 
systematic and factually based assessment. 


4. Recommendations of the beneficial parcial noise abatement measures for 
incotporation in the project plans and specifications. 


Exception approvals shall not be granted without a showing that all reasonaole 
eptions for noise reduction have been explored. In most cases, exceptions will 
be approved when the predicted traffic noise level from the highway is less 


than the existing noise level originating from sources other than the highway 
being improved or rnc 


CONSTRUCTION NOISE . 


The following general steps are to be performed for the construction noise 
analysis and discusston: 


1. Identify land uses or activities which may be affected by noise 
from construction of the highway, 


2. Determine the measures which are needed in the contract plans and , 
specifications to ninimize or eliminate adverse construction noise 
impacts to the community, aad 6 


3. Incorporate the needed abatement measures in the contract plans 
and specifications. 


, COORDINATION WITH LOCAL OFFICIALS 


Since local governments have responsibiliry for land development control and 


zoning, the Department shall cooperate with metropolitan planning organizations 
and with local officials by furnishing: 


1. Approximate generalized future noise levels for both developed 
and undeveloped lands in the immediate vicinity of the project, 


2. Information that may be useful to protect future land development 
from being incompatible with anticipated highway noise levels, and 


3. The FHWA policy regarding land use development et changes which 
ate initiated in the future. 
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I. Noise Impact Evaluation Model 


ABATEMENT ANALYSIS 
REQUIRED 





SEVERE 








NO IMPACT 


SORES 


sicdaiteecsaak iioasa |) SdaA LOdBa 


FUTURE NOISE LEVELS EXCEEDS 
EXISTING NOISE LEVEL, in dBA 


FUTURE NOISE LEVEL EXCEEDS 
DESIGN NOTSE LEVEL, in dBA 


NOISE IMPACT EVALUATION MODEL 













' 
f J 


Ba) i 
ENE en a 
c+ 

; ‘a 

74 

A i‘ 





ge cchppenans sivatt 
bavele Go, mate Vs Lat 
Cat ev ene. > 

. faz oi a pao gp: tary 
een ! pe ead | a, Phin 
SU Oa aA aaa na akeorew Lemevhah: ‘aap  E 
pee apres mad Faspunehy Vadis 


sake: Wr 1 - vs 


on whee 

































a ta 
E 


‘. Recsocmancub tpn me ithe ‘noned jctail 
1 Lietregmptena hen Kea hoy aatelbany gh 


MWeraptien spyirietas dors io SS 
geoctous fers a ell na pein Soy Pe 
Pe sp prism ve Si aigin oe se NEES: 4 
tian the avhecis Sik iia» Ad Nites: MN 
bates Sage cored) Senet aii) 


areiaita ne 


1) aL de © 0 Tel 
ora pn &.. 


. whee Callowine® genes . 
ara. '@) 408 3... OR Caen 
Ze a Tie y Low - ; iP eee. 4 x am 4 5 
eI i eb will vere 
. ONS | 
2.  Uetertine tag ERs lid fin 
gyn iene ay Sy ater Se 
Levante % o (cores.ty. 
1.  Incerpecace, Ge coleded ats 
sad ae ei 1.CRCi ow, 
CT Teena tall ; 
, ae gouxarton tea D on 
et 1 ‘ : i 
a. 7 eee tepal gove ruments have.’ 


ie geving. the Deparcnent shell 
ec - Wied i Lecat iene 


ay Ly doy canines ¢ geriecalined henlens 
ai Sie scoeadinngs nail Sateen an — 


wen ve | | ¢ eae be 
it aes | 
~ i rf Kabah Mis: mia bas : 
, oo va eohaset ix] 
, : hh Ve her 4: hart Be 4 i ; ae ‘ ory pi t 
: 2 kek "i Vis aay MA ne : : 
‘si oti Ree eee uy * 7 ; : . 








